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Abstract 

In this project a web-based system called 3DPOPS have been designed, developed 

and implemented. The system creates initial 3D structures of oligosaccharides 

according to user input data and is intended to be integrated with an automatized 3D 

prediction system for saccharides. The web interface uses a novel approach with a 

dynamically updated graphical representation of the input carbohydrate. The interface 

is embedded in a web page as a Java applet. Both expert and novice users needs are 

met by informative messages, a familiar concept and a dynamically updated graphical 

user interface in which only valid input can be created. A set of test sequences was 

collected from the CarbBank database. An initial structure to each sequence could be 

created. All contained the information necessary to serve as starting points in a 

conformation search carried out by a 3D prediction system for carbohydrates. 
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1 Introduction 

Gram-negative bacteria such as Shigella, Salmonella and pathogenic strains of E. coli 

live in the intestinal tracts of many animals in health and disease (Kenneth Todar 

University A, 2002). They are often associated with serious enteric diseases, 

especially among young children and elderly.  An infection may be acquired from 

eating contaminated food and can cause symptoms like bloody diarrhoea and high 

fever (Kenneth Todar University A, 2002; CDC A, 2001). The outer membrane of 

these bacteria contains a complex lipopolysaccharide (LPS). The polysaccharide 

component of the LPS, commonly known as O-antigens, induces the immune 

response under a given set of conditions. O-antigens consist of up to approximately 50 

repeating oligosaccharide units each one containing 3-5 monosaccharides (Kenneth 

Todar University B, 2002). 

    Since O-antigens induce immune response there is considerable interest in the 

design of glycoconjugate vaccines. Hereby knowledge about the 3-dimensional 

structure of the saccharide chains is important (Rosen et al., 2002). Building a model 

of the 3-dimensional structure of carbohydrates with experimental methods like X-ray 

diffraction, electron diffraction or NMR is difficult due to the fact that the collected 

amount of data is quite small. Molecular mechanics is therefore very valuable in the 

interpretation of the 3-dimensional structure of oligosaccharides (Bush et al., 1999). 

Molecular mechanics is a so-called force field method that can be used to predict the 

3D structure from the carbohydrate sequence alone (Sanches et al., 2000). Several 

possible 3D structures, conformations of a carbohydrate can exist, each associated 

with a total energy. Carbohydrates in nature normally exist in the lowest energy 

conformation called the native state. By using a mathematical description that 

approximates the inter-atomic interactions of the carbohydrate, molecular mechanics 

can search the conformational space for the lowest energy conformation (Woods, 

1998).  

    In an ongoing project by the Nyholm group at the Department of Medical 

Biochemistry, Göteborg University, the favoured 3-dimensional structures of several 

bacterial saccharides are predicted using molecular mechanics. The Nyholm group is 

currently developing their 3D prediction system to facilitate high-throughput 

calculations. The intention is to make this computer system automatic and to deploy it 
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on the web with a suitable graphical user interface. Currently there is only one service 

called SWEET, provided on the Internet that aims to convert oligosaccharide 

sequences to 3D models. The 3D models from SWEET are however only preliminary 

and the web interfaces to SWEET are difficult to use for novice users. 

    The aim of this project was to develop the software components necessary to make 

the high-throughput 3D prediction system that is under development by the Nyholm 

group, available to both the Nyholm group and to remote users. The target users were 

expected to have fundamental knowledge about carbohydrates and minor to major 

knowledge of the interface concept. The software components that would be 

developed were: 

1. A WWW-interface that accepts a 2D representation of an oligosaccharide as 

input.  

2. An application that creates an initial 3D structure according to 2D user input 

data and stores it in an internal 3D representation. 

    The developed and implemented solution was called 3DPOPS (3-Dimensional 

Prediction of Oligosaccharide and Polysaccharide Structures). The technical solution 

of 3DPOPS is shown in figure 1. 

Figure 1.  Schematic drawing of the technical solution of 3DPOPS. Objects drawn with dashed lines 
are not addressed in this project. 

 

    An iterative development process was used to design and implement the main GUI 

to 3DPOPS. General principles of user interface design, such as user and task 

compatibility, were taken into consideration. The target user group was supposed to 

consist of both novice and expert users. Two GUI prototypes were developed and 

evaluated and experience gained from the evaluations was used to improve the final 
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version of the GUI. In the final version a Java applet approach is used. The Java 

applet interface, using a dynamically updated graphical representation of the input 

carbohydrate, is embedded in a web page. Both expert and novice users needs are met 

by informative messages, a familiar concept and a dynamically updated GUI in which 

only valid input can be created. The first prototype, consisting of an HTML form, was 

chosen as a secondary interface to 3DPOPS. 

    The graphical representation created in the applet interface is converted into a 

linear text string by a recursive algorithm integrated with the applet interface. The text 

string is created according to an in-house developed notation that is based on 

recommendations provided by IUPAC. The text string is sent and received by the 

server side software component developed during the project. The server side 

software component is based on the Java servlet technology and is responsible for the 

transfer of the 2D data contained in the text string to an initial 3D structure stored in 

an internal 3D representation. The creation of the initial 3D structure is accomplished 

by using the atomic 3D data contained in monosaccharide templates stored in a flat-

file database. The information contained in these templates is converted into the 

internal representation of a monosaccharide. In a subsequent step these 

monosaccharides are concatenated into the internal representation of an 

oligosaccharide according to a process that resembles the actual process in nature.  

    Initial structures of carbohydrate sequences from a test set were created with 

3DPOPS. The oouput fulfilled the specified requirements and could be used in a 

conformation search by a 3D prediction system for saccharides. No search of the 

conformation space to the initial structures is however performed by 3DPOPS. The 

initial structures are not energy minimized and thereby called initial. The purpose of 

the structures is however to serve as starting points for conformation searches carried 

out by the future 3D prediction system that is under development by the Nyholm 

group. 

    The designed, developed and implemented solution fulfilled the specified 

requirements and achieved the aim of the project. A larger evaluation of the interface, 

with both expert and novice users, is however needed in order to certify this 

statement.  
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2 Background 

Bioinformatics is by definition the application of computational techniques to the 

management and analysis of biological information (Attwood and Perry-Smith, 1999). 

This broad term was coined in the mid-1980s and has implications in diverse areas, 

ranging from artificial intelligence and genome analysis to structural modeling of 

macromolecules (Attwood and Perry-Smith, 1999). A subfield of bioinformatics is 

chemoinformatics, which is an emerging area in which biological and chemical 

structural knowledge is exploited using computational assistance. In 

chemoinformatics small molecules are annotated with structure, function, synthesis, 

paths and other relevant data used to design and develop better drugs (CHI, 2002). 

This dissertation project is carried out in the chemoinformatics field. It is a highly 

cross-scientific area, which is reflected by the diversity of the contents of this 

background chapter. Topics that will be covered in the background chapter are: 

• The graphical user interface (section 2.1). An introduction to the concept of 

graphical user interfaces and user profiles. The end of the section covers 

design principles, most of which will be taken into consideration when 

designing the graphical user interface developed in this dissertation project. 

• The World Wide Web (section 2.2). An introduction to the Internet and the 

World Wide Web. The basic client/server architecture and the architecture of 

the World Wide Web will be described. At the end of the section two popular 

client/server technologies, CGI and Java servlets are described. These 

technologies are both possible solutions to the server side software component 

that will be developed in this dissertation project. 

• Carbohydrates (section 2.3). An introduction to carbohydrates and the many 

important roles they play in biochemistry. The reader will also be introduced 

to the terms monosaccharide, oligosaccharide and common graphical 

representations of these. This section (2.3) gives the reader fundamental 

knowledge about carbohydrates that is necessary to understand the task 

specific requirements on the graphical user interface developed in this 

dissertation project. 

• Carbohydrate nomenclature (section 2.4). A description of the recommended 

textual representation of carbohydrates provided by IUPAC. The 
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nomenclature used by CarbBank and SugaBase will also be described. A 

textual representation of a carbohydrate is a possible way of providing input to 

the graphical user interface developed in this dissertation project. 

• Computational carbohydrate modelling (section 2.5). An introduction to 

computational and experimental carbohydrate modelling methods, including 

motivations to why computational carbohydrate modelling is needed. The 

section also covers ab initio and force field methods. This information is 

intended to help the reader to understand the system that the software 

components, developed in this dissertation project, will be integrated with. 

 

2.1 Graphical User Interface 

The user interface is the part of the computer system that allows the human user to 

interact with the computer (figure 2). The user has no access to the interior of the 

computer system except through the user interface (Reymond-Pyle and Moore, 1995).  

 

Figure 2. User interaction with the computer system is mediated by the user interface. 

 

    In the past the burden was on the user to provide input in correct format to the 

computer system. The user interface could only recognize exact input, such as 

correctly spelled words and properly formatted numbers (Mayhew, 1992). The input 

device was a keyboard and the interface a command line (Galitz, 1996). The 

advantage of the command line was that it permitted the use of parameters to expand 

the range of possible commands. They had however the disadvantage that they 

provided little, if any, information to the novice user. Another basic interface 

technique in use in the early days was the menu. Menus provide lots of information to 

the user but lack the flexibility of the command line (Martin and Eastman, 1996). 

    In the 1970s developers at the computer manufacturer Rank Xerox provided an 

alternative to the keyboard. It was a computer system with an interface depending on 
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graphics and the mouse device. With the mouse, pointing and selecting was 

introduced as the primary human-computer communication method. Apple and 

Macintosh quickly picked up the concept. They released their system in 1984, which 

became the first successful mass-market system with a graphical user interface 

(Galitz, 1996). The concept of a graphical user interface (GUI), as used by Xerox and 

Apple, has persisted and was followed by, among others: Microsoft Windows 1.0 

(1985), NeXTStep (1988) and UNIX-based GUIs (1989) (Galitz, 1996). 

 

2.1.1 User Profile 

When designing a GUI it is assumed that the user is already familiar with the objects 

in the task environment. The GUI could then replicate these objects and portray them 

on the screen. The user is then allowed to modify these objects on the screen in an 

environment that is familiar to him or her. In this way the user can focus on the data, 

instead of on the application or on the tools (Galitz, 1996). For example, consider a 

group of chemists used to drawing graphical representations of molecules with pen 

and paper. Software for the creation of graphical representations of molecules is 

developed for this group of chemists. The GUI to this software should then allow the 

users, the chemists, to manipulate and draw these graphical objects in a method 

resembling the one used with pen and paper. In this way the chemists can focus on the 

data, instead of the application. 

    The design of a GUI aims to adapt it to the people who will use the system. It is 

therefore necessary to define a user profile and usability requirements (Reymond-Pyle 

and Moore, 1995). A common error among software developers is to make the 

assumption that all users are like the developer. By making this erroneous assumption 

it is also assumed that if the interface is easy to learn and use for the developer, it will 

be so for the user. Designing something is however very different from learning how 

to use it for the first time (Mayhew, 1992). When establishing the user profile and the 

usability requirements some key questions need to be answered:  

• What knowledge do the users have?  

• What will their pattern of use be (frequent user, occasional user etc.)?  

• What tasks do the users perform? 
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    The knowledge regarding the task and the interface concepts may vary among the 

users. A novice user is assumed to have minor knowledge of the interface concept 

and/or the task. The user could however have professional knowledge about the task 

and only minor knowledge of the interface concept or vice versa. This user is also 

considered to be a novice user. The expert user however, is thoroughly familiar both 

with the task and the interface concepts (figure 3) (Schneiderman, 1998).  

 
Figure 3. Distinction between the novice and the experienced user, based upon their knowledge of the 
task and the interface concept. 

 

    A GUI for novice users should be designed so that the user can carry out simple 

tasks successfully using a small number of actions. Specific error-messages should 

also be provided when users make mistakes. The expert users try to get their work 

done quickly. They demand rapid performance and less informative feedback. They 

often seek efficiency by bypassing novice memory aids and reducing the number of 

actions to carry out by using shortcuts instead of menus (Galitz, 1996; Schneiderman, 

1998). When analysing the tasks that the users perform it is necessary to find out what 

they are trying to achieve and how frequently they perform each task. The relative 

task frequencies are important in choosing a set of commands or structuring a menu 

tree. Frequently performed tasks should be simple and quick to carry out (Reymond-

Pyle and Moore, 1995; Schneiderman, 1998).  

 

2.1.2 General Design Principles 

There are general principles of user interface design, which are agreed upon by most 

experts in the field (Mandel, 1997). These design principles represent high-level 
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concepts that should be used to guide software design. When designing a GUI, the 

principles that are most important and most applicable for the system should be 

determined. Some of these principles will most likely be taken into consideration 

when designing the user interface that is developed in this dissertation project. The 

following paragraphs (each beginning with a word in italic) describe the general 

principles of user interface design.  

    Compatibility. The user interface should provide compatibility with the user, the 

tasks and other products (Galitz, 1996; Mayhew, 1992). The user compatibility is 

achieved by knowledge of the user as described in section 2.1.1. It is perhaps the most 

fundamental principle from which all other principles derive (Mayhew, 1992). Task 

compatibility refers to the principle that the organization for a system should match 

the tasks a person must do to perform the job. The structure and flow of operations in 

the interface should match the task that is carried out (Galitz, 1996; Mayhew, 1992). 

Since the intended user is often a user of an earlier version of the product or other 

products of the same type, product compatibility is necessary. From this earlier 

version or other product the user has established a certain level of knowledge. If 

product compatibility is not attained with these products the user has to start all over 

again learning the new product. Whenever possible product compatibility must 

however be carefully traded against the goal of providing an improved user interface 

(Mayhew, 1992). 

    Consistency. Often there are similar operations in different parts of an application 

or in different applications of a system. The user interface to these application 

operations should have a similar look and operate similarly. If an action is carried out 

in one of the interfaces it should yield the same result as in the other interfaces (if the 

action was the same) (Galitz, 1996; Mayhew, 1992). Skills learned from one interface 

should be applicable to a newly encountered interface (Galitz, 1996). It has been 

shown that consistency can reduce the requirement of human learning since the user 

assumes consistency and is likely to reason by analogy. Learning requirements are 

known to increase if there is inconsistency in the interface design. This increases the 

need for documentation and skilled supervisors (Mayhew, 1992). The principle of 

consistency should however be applied carefully. The design decisions should be 

based on the user profile and the user’s tasks. If these decisions lead to conflicts with 
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the principle of consistency it might make more sense to use a design that is suitable 

for the users but does not follow the principle of consistency (Mayhew, 1992). 

    Familiarity. The interface should employ concepts familiar to the user. This greatly 

facilitates the learning of a new interface. This includes mimicking the user’s 

behaviour patterns and terminology (Galitz, 1996; Mayhew, 1992). Recall the 

example in section 2.1.1 about the group of chemists. 

    Responsiveness. The system must rapidly respond to the user’s input. Since the 

system is invisible to the user most users have no way of knowing how long the 

system will take to accomplish the task. Visual, textual and/or auditory 

acknowledgement should therefore be provided for all user actions (Galitz, 1996). It 

could be as simple as a message such as “Loading…” or a change in the shape of the 

mouse pointer. As previously mentioned, the novice user often requires more 

informative feedback than the expert user (Galitz, 1996; Mayhew, 1992). 

    Transparency. Generally the requirements on the user’s knowledge about technical 

details of the system should be as few as possible. A technical jargon and unfamiliar 

concepts should be avoided.  

    Simplicity. Keeping the interface as simple as possible helps the novice user. A 

complex interface confuses the novice user and is tedious to navigate for the expert 

user (Mayhew, 1992). Hiding things until they are needed and emphasizing important 

functions can provide simplicity. Complex and less frequently used functions can be 

hidden. One way to do this is by using defaults for all configurable items. When the 

user gets more experienced the defaults can be changed if desired. The concept of 

introducing components gradually, with complex components not visible at first 

encounter, is often called layering. The ultimate goal of layering is to provide a simple 

interface to a complex system (Galitz, 1996; Mayhew, 1992).  

    Control. Lack of control in a system is signalled by long delays in system response, 

difficulties in obtaining the right information or to achieve the desired results. This is 

frustrating to the user and creates the demoralizing feeling that you are being 

controlled by the computer system. The users need to feel that they have control of the 

interface actions (Galitz, 1996; Mayhew, 1992). This is accomplished by responses 

that result from explicit user requests, short response times, permitting the user to 

customize aspects of the interface and by not interrupting the user with errors.  
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2.2 The World Wide Web 

The Internet was originally established as an environment that would allow 

government agencies, contractors, universities and research facilities to share and 

access one another’s information. It was founded by the U.S. Department of Defence 

in 1969 and was originally called Arpanet. All of the parties interested in sharing 

information over Arpanet agreed to a standard set of protocols and mechanisms for 

the transportation of electronic data (Houque and Sharma, 1998). 

    Over the years, more and more networks joined up the core Arpanet group, and 

adapted the simple standards and procedures that made the network so successful 

(Houque and Sharma, 1998). The network expanded to Norway and England in 1973, 

and it never stopped growing. In the mid-1980s the U.S. Department of Defence 

dropped its funding of the Arpanet (Norton, 2000). Another federal agency, the 

National Science Foundation (NSF) took over and established five “super-computing 

centres”. These centres were available to anyone who wanted to use them for 

academic research purposes. An increasing user group however soon overloaded the 

existing network.  A new higher-capacity network, called NSFnet, was created. The 

link between Arpanet, NSFnet and other networks was called the Internet (Norton, 

2000).  

    In 1989 the World Wide Web (WWW) was created at the European Particle 

Physics Laboratory in Geneva, Switzerland (Norton, 2000). Originally it was a large-

scale hypermedia information service system for biological scientists to share 

information. Today this technology however allows universal access to shared 

information to anyone with access to the Internet. Today the WWW contains millions 

of Web pages within the reach of millions of users (Elmasri and Navathe, 2000).  

 

2.2.1 Architecture of the Web 

Web technology is based on the basic client/server architecture (figure 4). In the basic 

client/server architecture the client is typically an end user computer with user 

interface capabilities and processing power to run local applications. If the client 

needs additional functionality that does not exist on the client computer, it connects to 

a server. The server is a computer that can provide services to the client computer 

such as printing or archiving (Elmasri and Navathe, 2000). The server could also 
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perform computer intensive calculation such as prediction of the three-dimensional 

structure of biomolecules on behalf of the client. 

Figure 4. Illustration of the basic client-server architecture. 

 

    In Web technology the client communicates with Web servers via a Web browser. 

Popular Web browsers include the Internet Explorer and Netscape Navigator (Elmasri 

and Navathe, 2000). Popular Web servers are Microsoft’s Internet Information Server 

(IIS), the Netscape Web servers and the Apache Web server (Deitel and Deitel, 1999). 

Communication between the browser and the server follows the set of rules, 

controlling timing and data format, which the WWW is built on. This set of rules is 

called HyperText Transfer Protocol (HTTP). HTTP uses Uniform Resource Locators 

(URLs) to locate data on the Internet (Deitel and Deitel, 1999). For example, the 

graphical user interface that is developed as a part of this master’s project will be 

available at the following URL: 

    http://bioinformatics.tux.nu 

    The Web-servers contains publicly accessible documents encoded using the 

HyperText Markup Language (HTML). A document encoded in HTML can have 

several hyperlinks. A hyperlink allows the user to jump to another location within the 

document or another file by clicking on a representation of the link. This 

representation can be an image, a word or a button (Norton, 2000). 

    A Web browser interprets HTML documents received from a Web server and 

presents them to the user. The document presented to the end user by the browser can 

contain text, images and live audio (Norton, 2000). The document could also contain 

an embedded application such as a Java applet. 

    The basic client/server architecture illustrated in figure 4 is called the two-tier 

architecture. With the two-tier architecture the server (or servers) stores and processes 

data and the clients access this data. Another basic client/server architecture is the 

three-tier approach. In the three-tier architecture the server plays an intermediary role 

between the client and specific database servers and application servers. The 
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intermediate server stores procedures and constraints that are used to access data from 

the database server or to process data on the application server (Elmasri and Navathe, 

2000). In Web technology, using three-tier architecture, the intermediary server is the 

Web server. 

    Today’s technology has been moving rapidly from static to dynamic Web pages. In 

dynamic Web pages the contents may be continuously changed (Elmasri and Navathe, 

2000). It could be the change of colour on a button when the mouse pointer is over it 

or a counter that displays the number of users that have accessed the Web page. A 

dynamic Web page can also contain a form. A form is a subset of HTML that allows 

the user to supply information. The information can be used to collect information 

from the user but also to provide back-and-forth interaction between the user and the 

server (Gundavaram, 1996). A form is a possible solution to the interface problem 

that is chosen for the development in this dissertation project. A user could enter a 

carbohydrate sequence in the form and press a submit button. The Web server would 

retrieve the sequence and (when the high-throughput system is fully developed) send 

back the results from the 3D prediction system to the user. The back-and-forth 

interaction between the user and the Web server in this kind of approach can be 

accomplished with technologies like CGI (see section 2.2.2) or Java servlets (2.2.3). 

Both CGI and Java servlets are possible solutions to the server side software 

component that will be developed in this project. 

    In addition to the CGI and Java servlet technologies described in section 2.2.2 and 

2.2.3 there is a great abundance of web programming approaches and architectures, 

e.g. PHP, ActiveX, VRML (Virtual Reality Modelling Language), JSP (Java Server 

Pages) and Active Server pages (ASP). These technologies are not described in this 

thesis. 

 

2.2.2 CGI 

CGI, the Common Gateway Interface, is the standardized description of how standard 

(non-Java) programs are supposed to be run within the Web-environment. It is a 

middleware software layer that is executed by the Web server on a client’s request. 

With the CGI approach (Figure 5) it is possible for the users of Web services to 

invoke programs from their browsers or other HTTP clients (Elmasri and Navathe, 

2000; Mattison, 1999). The browser requests that a CGI program that is resident on 
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the Web server should be executed. When the program is executed, it is able to 

execute the same traditional kinds of database queries and processing as a stand-alone 

program would perform. After retrieving the data requested, the CGI program can 

then format the response and send it back to the user (Mattison, 1999).  

Figure 5. The architecture of the CGI approach. 

 

    CGI software executes external programs and scripts to obtain dynamic 

information. A CGI script is written in a language like Perl, Tcl or C (Elmasri and 

Navathe, 2000). The main disadvantage with this approach is that for each user 

request, the Web server must start a new CGI process. If the CGI script makes a 

connection with a database management system (DBMS), the server must wait until 

the results are delivered to it before next script is executed (Elmasri and Navathe, 

2000). Another disadvantage is that the developer must keep the scripts in the CGI-

bin subdirectory only. This opens a possible breach of security. Since no language is 

associated with CGI the approach also has the drawback that developers are required 

to learn several languages (Elmasri and Navathe, 2000). CGI programs are often 

executed on general-purpose operating system shells. Different shells treat some 

characters such as backquotes and semicolons differently. This requires that the 

programmer carefully filters out these characters (Hall, 2000). 

 

2.2.3 Java Servlets 

Java is one of today’s most popular software development languages. It was 

developed by Sun Microsystems and is an entire set of specifications for an entire 

platform (Deitel and Deitel, 1999). It is a fully object oriented language based on the 

concepts used in the programming language C++. All data (except for a few basic 

data types such as numbers) are treated as objects, from text strings to audio files. One 
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Web browser 

Web Server 

CGI program 

CGI directory 

Database 
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of Java’s most important features is that it is platform independent. Once the code is 

written and compiled by the Java compiler it could be executed and understood on 

any system with a Java Runtime Environment (JRE) (Deitel and Deitel, 1999). 

    Java servlets are Java technology’s answer to CGI programming. They are 

programs that run on a Web server, acting as a middleware software layer between the 

client and the server. The client could be of the same type as in the CGI approach, i.e. 

a Web browser or some other HTTP client. In the Java servlet approach the client 

could also be a Java applet (Hall, 2000). An applet is a Java program that is embedded 

in a Web page. Unlike a normal application that is executed from a command 

window, the applet is executed in a Web browser (Deitel and Deitel, 1999). 

    Java servlets are written in the Java programming language and are portable, i.e. a 

servlet written for, say, the IIS server run virtually unchanged on an Apache server or 

a Netscape Web server (Hall, 2000). Unlike regular CGI programs, servlets can 

communicate directly to the Web server. Communicating with the Web server makes 

it easier to translate URLs into concrete path names, for instance (Hall, 2000). Since 

the servlet runs in the JRE it is not needed that the developer filters out characters like 

backquotes and semicolons. 

 

2.3 Carbohydrates 

Carbohydrates occur in every living organism and play a number of important roles in 

biochemistry. First, they are major energy resources. Starch in plants and glycogen in 

animals are polysaccharides that can be rapidly mobilized to yield glucose, a primary 

fuel for most living cells. Second, oligosaccharides play a key role in processes that 

take place on the surface of cells, particularly in cell-cell interaction and immune 

recognition (Campbell MK, 1999). The lipopolysaccharide associated with the outer 

membrane of bacteria such as E. coli, Salmonella and Shigella plays an important role 

as a surface structure in the interaction of the pathogen with its host. The repeating 

oligosaccharide units in the O-antigens provide immunological specificity to the 

complex (Kenneth Todar University B, 2002). Third, ribose and deoxyribose sugars 

form part of the structural framework of RNA and DNA. The conformational 

flexibility of these sugar rings is important in the storage and expression of genetic 

information. Fourth, polysaccharides are essential structural components of several 

classes of organisms. Cellulose is a major component of the tough walls that enclose 
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plant cells and chitin forms the exoskeleton of arthropods (Campbell NA, 1999). In 

many cases the functions of the carbohydrate component is unknown. For example 

antibodies, which bind to and immobilize the substances attacking an organism, 

contain oligosaccharide chains with unknown functions (Brown, 2000; Stryer, 2000). 

    A polymer is a long molecule consisting of many identical or similar building 

blocks linked by covalent bonds, much as a train consists of a chain of cars. The 

building blocks of a polymer are smaller molecules called monomers. Some of the 

molecules that serve as building blocks in polymers also have other functions of their 

own (Campbell NA, 1999).  

    The simplest carbohydrates are monosaccharides or “simple sugars” which form 

the building blocks of more complex carbohydrates. Carbohydrates consisting of any 

two monosaccharides units linked together are called disaccharides, those consisting 

of any three units are called trisaccharides, those consisting of any four units are 

called tetrasaccharides, and so forth. The more general term oligosaccharide is often 

used for carbohydrates consisting of two to ten monosaccharide units (McMurry, 

2000). The term polysaccharide refers to carbohydrates consisting of many 

monosaccharide units bonded together (Campbell MK, 1999). 

 

2.3.1 Monosaccharides 

Monosaccharides are colourless, crystalline solids that are sweet to the taste. They are 

very soluble in water and only slightly soluble in alcohol (Brown, 2000). 

Monosaccharides generally have molecular formulas that are some multiple of 

CnH2nOn. The most common monosaccharides have values of n in the range of 3 to 8. 

The suffix –ose indicates that a molecule is a carbohydrate, and the prefixes tri-, tetr-, 

pent-, hex- and so forth, indicate the number of carbon atoms in the chain. 

Monosaccharides are classified as either aldoses or ketoses. The smallest 

monosaccharide trioses, for which n=3, are glyceraldehyde and dihydroxyacetone. 

Glyceraldehyde is an aldose because it contains an aldehyde group, whereas 

dihydroxyacetone is a ketose because it contains a keto group. The aldehyde group of 

D-glyceraldehyde and the keto group of dihydroxyacetone are shown in a Fischer 

projection in figure 6. A Fischer projection is a commonly used two-dimensional 

representation showing the configuration of carbohydrates (Brown, 2000; Campbell 

MK, 1999; McMurry, 2000; Stryer, 2000). 
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Figure 6. Fischer projection of D-glyceraldehyde and dihydroxyacetone. The aldehyde group of D-
glyceraldehyde and the keto group of dihydroxyacetone are indicated by bold font. 

 

    An asymmetric carbon is a carbon covalently bonded to four different kinds of 

atoms or groups. Glyceraldehyde has a single asymmetric carbon while glucose has 

four (figure 7). The asymmetric carbon of glyceraldehyde gives rise to two forms. The 

two forms of glyceraldehydes are designated D-glyceraldehyde and L-glyceraldehyde 

(figure 7). A D-monosaccharide is a monosaccharide that has the same configuration 

at the asymmetric carbon atom farthest from the aldehyde or keto group as D-

glyceraldehyde. In the case of D-glucose this is carbon number 5 (figure 7). An L-

monosaccharide is a monosaccharide that has the same configuration at the 

asymmetric carbon atom farthest from the aldehyde or keto group as L-

glyceraldehyde (figure 7) (Brown, 2000; Campbell MK, 1999; McMurry, 2000; 

Stryer, 2000). 
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Figure 7. D- and L-configuration of glyceraldehyde and glucose shown in Fischer projection. The 
hydroxyl group (bold font) attached to the asymmetric carbon atom farthest from the aldehyde or keto 
group designates the configuration as D or L.  

 

    Monosaccharides, especially those with five or six carbon atoms, normally exist as 

cyclic molecules rather than as the open-chain form drawn in figure 6 and figure 7. 

Glucose, for example, exists in aqueous solution primarily in the six-membered 

cyclic, or pyranose, form. Fructose, on the other hand, exists to the extent of about 
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80% in the pyranose form and about 20% as the five-membered cyclic, or furanose, 

form (McMurry, 2000).  

    A common way of representing the cyclic structure of monosaccharides is the 

Haworth projection. In a Haworth projection, a five- or six-membered cyclic 

monosaccharide is represented as a planar pentagon or hexagon lying perpendicular to 

the plane of the paper. Groups attached to the carbons of the ring pointing downwards 

in the Haworth projection are then below the plane of the ring. The groups attached to 

the carbons of the ring pointing upwards in the Haworth projection are above the 

plane of the ring (Brown, 2000; Campbell MK, 1999; McMurry, 2000). The cyclic 

forms of glucofuranose and fructofuranose are shown in Haworth projection in figure 

8.  

O O

CH2OH

CH2OHCH2OH
OH

H

H

OH

OH

H

H

OH

H

OH

OH

H
D-Glucopyranose D-Fructofuranose  

Figure 8. Haworth projections of D-glucopyranose and D-fructofuranose with the numbering scheme 
of the carbons. 

 

    The five-membered rings of furanoses are in reality very planar, but the six-

membered ring of pyranoses cannot be planar because of the tetrahedral geometry of 

their saturated carbon atoms. Instead, pyranose rings adopt the chair conformation in 

solution. This conformation is commonly visualized graphically in the so-called 

stereoprojection (figure 9). The groups attached to the carbons of a ring in a chair 

conformation have two orientations: axial and equatorial. Axial bonds are nearly 

perpendicular to the average plane of the ring, whereas equatorial bonds are nearly 

parallel to this plane.  

 

Figure 9. Chair conformation of D- glucose. 
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    When an open-chain monosaccharide cyclices to a pyranose or furanose form, a 

new asymmetric carbon is generated at the carbon of the former aldehyde or keto 

group. The two new isomers produced are called anomers, and the newly formed 

asymmetric carbon is referred to as the anomeric centre or anomeric carbon. The 

����������� � 
���� ���� ��� ������� ���� �������� �� ��� anomeric centre is below 

��� ����� �� ��� ��� ������ ���� ��� ����������� � 
���� ���� ��� ������� ����

attached to the anomeric carbon is above the plane of the ring (figure 10) (McMurry, 

2000; Stryer, 2000).  
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CH2OH
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a-D-Glucopyranose  

Figure 10� ������� 	��
����� �� �-D-������� ��� �-D-glucose. The hydroxyl group designating the 
anomeric ����������� �� � �� � � �������� �� ���� ����� 
 

2.3.2 Oligosaccharides 

Glycosidic bonds between monosaccharide units are the bases for the formation of 

oligosaccharides and polysaccharides. Two monosaccharide units are joined together 

by a glycosidic bond between the anomeric carbon of one unit and an –OH group of 

the other. The –OH groups are numbered so that they can be distinguished, and the 

numbering scheme follows that of the carbon atoms. The notation for the glycosidic 

bond specifies which carbon atoms of the two sugars are linked. A glycosidic bond 

between the anomeric carbon, C1, of one of the two units and the C4 carbon of the 

other is particularly common. Such a bond is called a 1-4 link (Campbell MK, 1999; 

McMurry, 2000). A glycosidic bond to the anomeric ����� ���
 ��� �� ����� � � ��

When the bond emerging from C1 lie� ���� ��� ����� �� �� � �-linkage and if the bond 

�
����� ��
 �� ���� ����� ��� ����� �� �� � �-linkage (Stryer, 2000). The anomeric 

configuration of the bond is included in the notation. Lactose, the disaccharide of 

milk, consists of galactose joined �� ������� �� � �-1,4 glycosidic linkage (figure 11), 

����� �� ��� ����������� 
������ ��� ������� ������� �� ������ �� �� �-1,4 

glycosidic linkage. 
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Figure 11. Stereoprojection and Haworth projection of �������� 	
�� �������� � �������� �-D-
galactopyranose-(1→4)-�-D-glucopyranose. 
 

    The chemical nature of an oligosaccharide and a polysaccharide depend on the 

particular glycosidic bonds formed between its monosaccharide residues. Because of 

the variation in glycosidic linkages, both linear and branched-chain polymers can be 

formed (Campbell MK, 1999). Some carbohydrates are even multiply branched, i.e. 

they have branches extending from another branch. Glycogen, a very branched 

polymer, consists of glucose residues linked by glycosidic linkages. Most of the 

glucose units in the polymer ��� ������ 	
 �-1,4-glycosidic bonds. The branches are 

����� 	
 �-1,6-glycosidic bonds, which occur about once in ten units (figure 12). 

These branches serve to increase the solubility of glycogen and to make its sugar units 

accessible (Stryer, 2000). 

 

Figure 12. �� �������� ���� � ��� ��
���� 
���� �� ��� ������� ��� ������ �� �-1,4-glycosidic bonds. 
��� �������� ��� ����� �� �-1,6-glycosidic bonds, which occur about once in ten units. The 1-6 
linkage is indicated by bold font. 

 

2.3.3 Bacterial Lipopolysaccharides 

Lipopolysaccharides (LPS) are major components of the outer membrane of Gram-

negative bacteria. A lipopolysaccharide consists of three parts: a lipid anchor (lipid 
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A), a saccharide “core” and the O-antigen (Kenneth Todar University B, 2002; Salton 

and Kim, No date). The function of the lipid anchor is to anchor the complex to the 

membrane. The O-antigen component consists of a polysaccharide, termed O-specific 

polysaccharide attached to the core polysaccharide (figure 13) (Kenneth Todar 

University B, 2002). The favoured 3-dimensional structure of the bacterial O antigens 

can be studied by computational methods as previously mentioned. 

Lipid A 

O-antigen 

Saccharide core 

Gram-
negative  
bacteria 

 

Figure 13. Schematic drawing of the lipopolysaccharide in the cell membrane of Gram-negative 
bacteria. 

 

    Toxicity is associated to the lipid part of the LPS and immunogenicity to the O 

polysaccharide component of the complex. That is, the O-antigen component of the 

LPS induces the immune response under a given set of conditions. The O-antigens 

consist of repeating oligosaccharide units made up of 2-5 monosaccharides. The 

individual chains vary in length up to 40 repeat units (Kenneth Todar University B, 

2002). Great variation occurs in the composition of the O-antigens between species 

and even strains of Gram-negative bacteria. At least 20 different monosaccharide 

residues are known to occur in O-antigens (Kenneth Todar University, 2002). The 

monosaccharides of almost all the bacterial polysaccharides are composed of 

pyranosides (Bush, 1999).  

 

2.4 Nomenclature of Carbohydrates  

Nomenclature is a system of (a list of) terms and notations used for unique description 

of objects in a professional field. In some disciplines, for example chemistry, the 

nomenclature is constructed form strict and systematic rules (NE, 2002). Since the 

number of known chemical compounds was approximately 14 millions in 1994, the 

chemical nomenclature is comprehensive (NE, 2002). The importance of 

systematically naming compounds was early understood and in year 1919 
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recommendations was provided by IUPAC committees. IUPAC (The International 

Union of Pure and Applied Chemistry) is a union of national organisations aiming to 

promote the development in chemistry by international cooperation (NE, 2002). 

 

2.4.1 The IUPAC Nomenclature 

In this section carbohydrate nomenclature, according to recommendations provided 

by IUPAC, is described. The information in the section is retrieved from the IUPAC 

Web site1.     

    Consider three D-glucose residues with anomeric ��������	
��� � ������
�� � �-4 

glycosidic linkages. The full notation according to IUPAC nomenclature of this 

oligosaccharide sequence is: 

�-D-Glucopyranose-(1→ 4)-�-D-Glucopyranose-(1→ 4)-�-D-Glucopyranose 

Since it can be cumbersome to designate larger sequences using the above 

recommendations, the use of three-letter symbols for monosaccharide residues is 

recommended. A few of the symbols for the common monosaccharide residues and 

derivatives are listed in table 1. They are generally derived from the corresponding 

trivial names. Further abbreviation is achieved by indicating the ring size by an italic f 

for furanose or p for pyranose. 

  
Table 1. Monosaccharide names and symbols according to recommendations provided by IUPAC. 

 

Monosaccharide Symbol 

Allose All 

Galactose Gal 

Glucose Glc 

Mannose Man 

Xylose Xyl 

 

The previous example sequence written in the abbreviated form will be as follows: 

�-D-Glcp-(1→ 4)-�-D-Glcp-(1→ 4)-�-D-Glcp 

                                                
1 Available from: http://www.chem.qmul.ac.uk/iupac/ 
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    A carbohydrate sequence could also be written in condensed form. In the 

condensed form, the configuration symbol and the letter denoting ring size are 

omitted. It is understood that the configuration is D (with the exception of fucose and 

iduronic acid which are usually L) and that the rings are in pyranose form unless 

otherwise specified. The anomeric descriptor is written within the parentheses with 

the locants depicting the bond type. The example sequence in condensed form is 

written: 

������→ ��������→ 4)Glc 

    In a branched oligosaccharide, terms designating branches should be enclosed in 

square brackets or written on a second line. In the IUPAC nomenclature a branch 

point occurs if two residues are attached to the non-anomeric carbon of a third 

residue. Thus an oligosaccharide as the one in figure 14 is also considered branched 

and not linear.  

 

Figure 14. A trisaccharide considered branched in the IUPAC nomenclature. Abbreviated IUPAC 
����������	�
 �-D-Glcp-(1→4)-��-D-Glcp-(1→6)-�-D-Glcp 

 

    The longest chain is by recommendations regarded as the parent. If two chains are 

of equal length, the one with lower locant at the branch point is preferred. Consider 

the previous example oligosaccharide sequence. A galactose residue is added to it, 

extending from the middle glucose residue. The central glucose residue is then a 

newly formed branch point. Notation of this branched oligosaccharide in one line 

according to recommendations provided by IUPAC: 

�-D-Glcp-(1→ 4)-��-D-Galp-(1→ 3)-	�-D-Glcp-(1→ 4)-�-D-Glcp 
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The branch could also be written on a second line, omitting square brackets: 

    A limitation with the IUPAC nomenclature is that there is not any 

recommendations provided regarding linear notation of multiply branched structures. 

 

2.4.2 CarbBank and SugaBase Nomenclature 

CarbBank and SugaBase use a nomenclature that is slightly different from the 

recommendations provided by IUPAC. This nomenclature is derived from the IUPAC 

recommendations but is adapted to the characters available on a regular keyboard.  

CarbBank is a data collection of carbohydrate sequences and bibliographic data 

provided by the Complex Carbohydrate Research Centre of the University of Georgia 

(Bohne et al., 1998). SugaBase is a database that combines 1D carbohydrate 

structures and bibliographic data (Bohne et al., 1998).  

    Three-letter symbols are used according to IUPAC recommendations and a p or f 

denotes the ring size. The symbols α and β, designating the anomeric configuration, 

are represented by the letters a and b. In the definition used by CarbBank the terms 

designating branches are written on a second line. In the CarbBank and SugaBase 

notation only monosaccharides with more than two glycosidic bonds are considered 

as branch points. The arrow and the location of the locants also differ from the 

recommendations provided by IUPAC. Both locants are written on the line of the 

branch followed by the symbol ‘+’. The symbols ‘|‘ and ‘-‘ are used to represent the 

arrow used in the IUPAC nomenclature. Recall the oligosaccharide sequence with a 

single branch used in the last example in section 2.4.1. The same sequence written by 

the CarbBank definition would be as follows: 

    Like the IUPAC nomenclature, the CarbBank and SugaBase nomenclature has no 

form of linear notation for multiply branched carbohydrates. 

 

a-D-Glcp-(1-4)-a-D-Glcp-(1-4)-a-D-Glcp 

   | 

         a-D-Galp-(1-3) + 

�-D-Glcp-(1→ 4)-�-D-Glcp-(1→ 4)-�-D-Glcp 

�-D-Galp 

3 
 
1 
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2.5 Computational Carbohydrate Modelling  

The understanding of  protein structure and function has been greatly enriched by x-

ray crystallography, an experimental method for determining the tertiary structure. 

The method can reveal the precise three-dimensional positions of most of the atoms in 

the protein molecule (Stryer, 2000). The first step in x-ray crystallization is the 

production of suitable crystals. Crystals of proteins can often be obtained by adding 

ammonium sulfate or another salt to a concentrated solution of protein to reduce its 

solubility (Stryer, 2000). This is probably the slowest step and requires large amounts 

of very pure protein and often years of trial-and-error searching for the proper 

crystallization conditions (Alberts et al., 1994). A beam of x-ray is directed through 

the crystallized protein. Most of the beams pass straight through the sample while 

some will be scattered and reinforce one another at certain points at a surface behind 

the crystal. The three-dimensional structure can then be deduced from the position 

and intensity of these points (Stryer, 2000). When building a model of the 3-

dimensional structure of a carbohydrate with x-ray diffraction, the amount of data 

collected is often too small to resolve the complete three-dimensional structure (Bush, 

1999). The reason for this usually is that crystallization is very difficult. This is due to 

the flexibility of the carbohydrate linkages and possibly also to the hydroxyl groups 

which prefer to form a very complex hydrogen bonding system (Bush, 1999).  

    The Cambridge structural database (CSD) covers small organic and organometallic 

compounds (Maginn, 2000). The three-dimensional atomic coordinates for each 

compound are stored in a file. Due to the difficulties with crystallization of 

disaccharides and oligosaccharides only about 50 structures of disaccharides are 

available in the CSD (Bush, 1999). Another database containing three-dimensional 

atomic coordinates derived from x-ray crystallography is the Protein Data Bank2 

(PDB). PDB covers biological macromolecules and complexes of these with small 

molecules (Maginn, 2000). The database contains 18283 structures (Date: 2002-06-

04). Only 18 of these are pure carbohydrates (Date: 2002-06-04), but a few hundred 

protein structures also contain coordinates for associated carbohydrate chains. In 

figure 15 the images of two of 3D structures contained in PDB are shown. 

                                                
2 Available from: http://www.rcsb.org/pdb/ 
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Figure 15. Images generated with Protein Explorer3 A) View of the three-dimensional structure of an 
antibody (IgG) with associted saccharide chain (in the middle). Structure file from PDB with id 1FC1. 
Settings in Protein Explorer: Colour: CPK, Display: sticks. B) View of the three-dimensional structure 
of lactose. Structure file from PDB with id LAT (complex bound to Xylose, 1IOT). Settings in Protein 
Explorer: Colour: CPK, Display: ball and stick. 

 

    Another experimental method for determining the three-dimensional shape of 

proteins is nuclear magnetic resonance (NMR) spectroscopy. This technique 

complements x-ray crystallography and is unique in being able to reveal the atomic 

structure of macromolecules in solution (Stryer, 2000). Unlike x-ray crystallography, 

NMR does not depend on having a crystalline sample. A small sample of protein is 

placed in a magnetic field. Since the nuclei of the atoms are positively charged some 

interact with the magnetic field like a bar magnet. The nuclei start to spin and absorb 

electromagnetic radiation. An instrument detects this absorption as a resonance signal 

(Brown, 2000). With a NMR technique known as two-dimensional NMR it is possible 

to measure small shifts in these signals that occur when the atoms are located close 

enough together. Such a shift reveals the distance between the interacting pair of 

atoms and the distances between different parts of the protein molecule. By 

combining this information with knowledge about the amino acid sequence the 3D 

structure can be revealed (Alberts et al., 1994). However, flexible carbohydrates 

appear to exhibit numerous three-dimensional conformations co-existing in solution at 

room temperature (Woods, 1998). The NMR-derived geometric constraints represent 

an average value based on conformations for flexible oligosaccharides. This averaged 

data does not necessarily lead to true conformations (Gabius, 1997). Another 

drawback with the NMR-technique is that only a few contacts across a glycosidic 

bond can be detected (Bohne and von der Lieth, 2002).  

                                                
3 Available from: http://www.proteinexplorer.org 

A B 



 

 26 

    As the amount of data collected from x-ray crystallography is small and the NMR-

derived information is unreliable, it is necessary to build computational models of the 

three-dimensional structure of carbohydrates. Often the results from NMR techniques 

can be coupled to the computational approach (Gabius, 1997; Bohne et al., 1999). 

Also a purely computational approach can be used to predict the 3D structure of 

carbohydrates in cases where no experimental data is available.     

    Homology modelling is a useful technique when one wants to predict the three-

dimensional structure of a protein (Lesk, 2002). Currently it is the most detailed and 

accurate of all computational protein structure prediction techniques (Sanches, 2000). 

This computational method requires that the protein has at least one homologous 

protein with known three-dimensional structure and sequence (Lesk, 2002). 

Homologous proteins are by definition related to each other by the evolutionary 

process of divergence from a common ancestor (Attwood and Parry-Smith, 1999). If 

the target protein and its homolouge have more than 30% amino acid sequence 

identitity the homologous structure can serve as the basis for a model of the target 

protein (Sanches, 2000). In favourable cases the resulting model can be used for 

screening databases of small molecules for potential inhibitors or lead compounds 

(Sanches, 2000). Rather few determined three-dimensional structures of 

carbohydrates are known and conformational analysis of carbohydrates is typically 

carried out without any known homologues as basis. That is, homology modelling is 

not likely to be applicable to carbohydrates. There are additional approaches to 

protein structure modeling, such as threading and ab initio. Threading aligns the target 

protein with a set of known structures and assigns it the best matching structure 

(Sanches, 2000). This technique is best seen as the first step in homology modelling 

and requires a large number of known structures (Sanches, 2000). The technique is 

therefore not applicable to carbohydrate modelling. This leaves computational 

carbohydrate modellers with one approach: ab initio prediciton. These methods 

attempt to predict the structure from the amino acid or carhohydrate sequence alone 

(Sanches, 2000). These methods will be described in more detail in section 2.5.1. 

 

2.5.1 Ab initio Methods 

Ab initio is latin for ‘from the beginning’. As previously mentioned ab initio 

computational methods can be used to predict the structure from the amino acid or 
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carhohydrate sequence. Two ab initio approaches that can be used for carbohydrates 

are molecular mechanics (MM) and molecular dynamics (MD). These methods are 

used extensively in protein structure prediction, complementing experimental 

approaches and homology modelling results (Karpen and Brook, 1996). MM and MD 

are based on a mathematical description approximating the inter-atomic properties of 

the molecule to be modeled. This mathematical description is called a force field and 

is frequently based on classical mechanical equations of force (Woods, 1998). The 

same force field could be applied to both carbohydrates and proteins. This assumes 

however that parameters specific to each macromolecule are parameterized into the 

force field (Woods, 1998). Usually the conformation of a molecule in nature is the 

conformation with the lowest potential energy, i.e the global energy minimum. 

Several factors such as distance and angle between atoms contribute to the molecular 

energy. The global energy minima represent a state in which all pertinent factors have 

been optimized. A common way of representing the energy of different conformations 

is an adiabatic energy map. On the axis of an adiabatic map are the torsion angles ϕ 

and φ (described later) of each conformation. Each conformation is then given a 

specific colour on the map depending on its total energy (figure 16). 

 

Figure 16.  Adiabatic map from conformational search of a disaccharide from O-antigen of the 
bacterion Escherichia coli 159. The conformation search was carried out by the 3D prediction system 
used by the Nyholm group. On the axes are the torsion angles ϕ and φ of each conformation. The 
adiabatic map was kindly provided by Armin Robobi at the Nyholm group, Göteborg University. 

     

    Using a force field the global energy minimum can be found by computational 

methods. The energy function is minimized by optimizing all parameters representing 

inter-atomic interactions (Lesk, 2002; Karpen and Brook, 1996). The following 

paragraphs (with the beginning term written in italic) each describe one of the 

commonly used terms in evaluation of the energy of a conformation. 
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    Bond stretching. The length of a chemical bond. The length depends on the bond 

type. The optimal bond length yields no energy. Energy increases with increasing 

deviation from optimal bond length (Lesk, 2002; Karpen and Brook, 1996). 

    Bond angle bend. There is an optimal angle between any atom i that is chemically 

bonded to two or more other atoms j and k. By bending the optimal angle i-j-k energy 

increases (Lesk, 2002; Karpen and Brook, 1996). 

    Electrostatics. Electrostatic energy arise from the charge and distance between two 

atoms. The electrostatic energy depends on the effective charges on the atoms and the 

distance between the atoms (Lesk, 2002; Karpen and Brook, 1996). 

    Van der Waals interactions. A short range repulsion between two atoms and long 

range attraction between the same. The interaction depends on atom types and the 

distance between them (Lesk, 2002; Karpen and Brook, 1996). 

    Torsion angle. Consider any four connected atoms in the carbohydrate. Atom i is 

bonded to atom j, which is bonded to atom k, which is bonded to atom l. The energy 

barrier to rotation of atom l with respect to atom i around the j-k bond increases with 

increasing deviation from optimal torsion angles (Lesk, 2002; Karpen and Brook, 

1996). The two torsion angles in a glycosidic linkage are symbolised by ϕ and φ 

(figure 17). The torsion angle between carbon 5 and carbon 6 in a pyranose are 

symbolised by ω (figure 17). The flexibility of saccharide structures mainly results 

from variation in the ϕ and φ angles (Gabius, 1997).  

    Hydrogen bond. A weak partly electrostatic interaction between two polar atoms. 

The interaction depends on distance and bond angle (Lesk, 2002; Karpen and Brook, 

1996). 

O

OO

HO
HO

HO

HO

HO

OH

CH2OH

CH2OH

 

Figure 17. Torsion angles ϕ and φ in the glycosidic linkage between two pyranoses. The torsion angle 
ω between carbon 5 and carbon 6 in a pyranose.  
 

    In molecular mechanics a local energy minimum is found by searching the 

conformational space around an initial conformation (Karpen and Brook, 1996). The 

ω 

ϕ 

φ 

ω 



 

 29 

energy of each conformation is determined by the energy function. An algorithm such 

as the steepest descent algorithm moves the current configuration to a new one. In the 

case of a steepest descent algorithm this is in the direction with the steepest descent. 

To avoid getting stuck in nearest local minima the energy minimization could be 

complemented by Monte Carlo-based approaches or an exhaustive search (Karpen 

and Brook, 1996).  

    In molecular dynamics, the derivate of the potential energy function with respect to 

atomic positions is used to determine the forces on each atom in the system. With 

Newton’s equation of motion the acceleration of each atom is calculated. The initial 

atom position, velocity and acceleration then determines a new position in each atom 

after a certain time step, typically 1 fs. With molecular dynamics motions are 

simulated and it is possible to avoid the problem with local minima to some extent 

(Karpen and Brook, 1996). The calculations are however extremely computer 

intensive (Lesk, 2002).  

 

2.5.2 Carbohydrate Force fields 

Many of the most widely used classical force fields, originally developed to protein 

prediction, have been extended to deal with carbohydrates (Bush, 1999). Generally 

these modifications consist in the incorporation of parameters or energy functions to 

deal with the torsion angles of carbohydrates (Bush, 1999). There are currently two 

general classes of carbohydrate force fields. The first and earliest class of force fields 

is known as hard-sphere exo-anomeric force fields (HSEA). HSEA predicts the 

conformation of oligosaccharides based solely on the energy due to Van der Waal 

interactions and the φ torsion angle (Woods, 1998). The lack of molecular relaxation 

is however known to over-estimate repulsion energies in some conformations 

(Woods, 1998). The classical force fields fall into the second class. Some of these are 

AMBER, CHARMM, TRIPOS and MM3 (Woods, 1998). They express the potential 

energy function as a sum of bond stretching, bond angle bending, torsion angle 

rotation and non-bonded interactions. MM3 is perhaps the most relevant force field to 

conformational analysis of oligosaccharides. MM3 has been extensively used in 

predicting the conformations for mono- and disaccharides and has a sophisticated 

mathematical expression for many of the force field terms. It has earned a reputation 

for accurately reproducing the fine details of molecular structures.  
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3 Presentation of the Problem 

In the ongoing project in the Nyholm group at the Department of Medical 

Biochemistry, Göteborg University, the favoured 3-dimensional structures of bacterial 

saccharides are predicted using molecular mechanics. Their 3D prediction system 

(described in more detail in chapter 4) works well for smaller saccharides with up to 3 

(or 4) sugar units. An important remaining and challenging problem is the search for 

energy minima in the multidimensional space defining the 3D structure of larger 

saccharide sequences. The availability of low-cost computer power in the form of 

Linux clusters makes it possible to approach these huge computational problems. The 

Nyholm group is currently developing their system to facilitate high-throughput 

calculation of the favoured conformations of larger saccharides. The intention is to 

make this system automatic and to deploy it on the web with a suitable graphical user 

interface. Currently there is only one such service provided on the Internet called 

SWEET (described in further detail in section 5.1). SWEET is a software tool that 

aims to convert oligosaccharide sequences to 3D models. The 3D models are however 

only preliminary and the web interfaces to SWEET are difficult to use for novice 

users. 

    This dissertation project intends to contribute to the ongoing work, by the Nyholm 

group, of building a high-throughput computational pipeline for the prediction of the 

3D-structures of saccharides. The project will contribute by developing a WWW-

interface that accepts a two-dimensional representation of an oligosaccharide as input. 

This project will also contribute by the development of a software component that 

creates an initial 3D structure according to 2D user input data and stores it in an 

internal 3D representation. The initial structure should contain atomic coordinates for 

each monosaccharide residue and the atoms constituting the glycosidic bonds. Energy 

minimization of the initial structure and optimisation of its torsion angles is however 

not addressed in this dissertation project. 

    The initial 3D structure will serve as the starting point for the conformation search 

carried out by the automated 3D prediction system for saccharides. The resulting 

structure from the system will be energy minimized and its torsion angles optimised. 

A simplified schematic drawing in figure 18 shows the software components that will 

be developed during this project and their connection to the future high-throughput 



 

 31 

system for prediction of saccharides. A more detailed schematic drawing of the 3D 

prediction system is given in figure 20, chapter 4. 

Web Server 

Interpretation of client 
input data 

Internal 3D representation 

 
3D predict ion system 

Client 
(web browser) 

WWW 
interface  

Input 

Output 

Temp late 
collection  

Initia l structure 

 

Figure 18. A simplified schematic drawing of the software components that will be developed during 
this dissertation project and their connection to the future high-throughput system for prediction of 
saccharides. Objects drawn with dashed line are not addressed in this project. 

 

    By having a discussion with the Nyholm group a specification of requirements to 

the user interface was put together. Through the WWW-interface a user should be 

able to enter a representation of a linear or branched oligosaccharide as an input to the 

3D prediction system. The input may be textually or graphically represented. The user 

should be free to choose which monosaccharide residues the oligosaccharide consists 

of. All monosaccharide residues handled by the 3D prediction system should be 

allowed as input. It should be possible to specify each monosaccharide residue as a 

D– or L-monosaccharide. It should also be possible to set the anomeric configuration 

�� � �� � ��� ���� 	�
����������� �������  

    Initially the users of the 3D prediction system and the interface will be the Nyholm 

group. They have professional knowledge about the task but will initially only have 

minor knowledge of the interface concept. They will at this stage be first time users. 

As they frequently use the system they will most likely quickly gain all required 

knowledge of the interface concept. They will then become expert users. As expert 

users they will try to get their work done quickly and demand rapid performance and 

less informative feedback. At a later stage when the 3D system becomes publicly 

available users with varying levels of knowledge of the task and interface concept will 

probably use the interface. Some will probably be one-time or few-time users, while 

other will be more frequent users. An objective of this project is therefore to design 
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and develop the interface in a way that makes it usable to novice users as well as 

expert users. The novice users are expected to have minor knowledge of the interface 

concept but fundamental knowledge of the task. This implies that they have at least 

basic knowledge about most of the things covered in section 2.3 and 2.4. This 

includes familiarity with the concepts of drawing graphical representations of 

saccharides, the nomenclature, anomeric configuration and what the letters D and L 

designates. Recall figure 3 in section 2.1.1, showing the distinction between the 

novice and the experienced user. In figure 19 this figure is modified to show the 

targeted user group of the WWW-interface developed in this project.  

 

Figure 19. The target interface user group is visualized in the grey area. The darkness of the grey scale 
represents the number of expected users, with darker grey representing more users. 

 

    The interface design should be user and task compatible. Concepts familiar to the 

user, regarding carbohydrates, should be employed. The number of actions to carry 

out should be small to help novice users and enhance the expert users’ performance. It 

should not be required that the user has any knowledge about technical details of the 

3D prediction system. That is, knowledge about the subjects covered in section 2.5 

and chapter 4 should not be necessary. The interface should also be able to be 

extended to enable presentation of output data to the user. Another objective to be met 

is modularity. The chosen solution and its implementation should allow easy 

replacement of the GUI, i.e. the degree of dependence between the underlying 

functionality and the interface should be small. 

    The second software component that will be developed in this dissertation project is 

an application that receives the 2D user input data and transfer it to an initial structure 

in the 3D representation. The internal 3D representation is the way in which the 3D 

prediction system will represent a three-dimensional oligosaccharide as data.   The 
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representation will store the three-dimensional coordinates of all residues and 

information about how each atom and each residue are connected to each other. 

Besides storing coordinates the representation should also be able to be linked to the 

3D prediction system used by the Nyholm group. It should be possible to write all the 

data of the three-dimensional representation to an output coordinate file in pdb 

format. The initial creation of the 3D representation will be accomplished by using 3D 

monosaccharide templates. A 3D monosaccharide template is a file containing all 3D 

coordinates for a specific residue. By using templates computational time of the 3D 

prediction system is reduced. As a part of this dissertation project a small collection of 

these 3D templates will be collected and stored in a suitable way. The purpose of the 

3D representation is to serve as internal representation and the purpose of the initial 

structure is to serve as starting point for calculation carried out by the 3D prediction 

system.  

 

3.1 Definition of the Problem 

The aim of this project is to develop the software components necessary to make a 

high-throughput 3D prediction system for saccharides available to both local and 

remote users with fundamental knowledge about carbohydrates. The software 

components that will be developed are: 

1. A WWW-interface that accepts a 2D representation of an oligosaccharide as 

input. The 2D representation may be graphical or textual. 

2. An application that creates an initial 3D structure according to 2D user input 

data and stores it in an internal 3D representation. 

    The Nyholm group will integrate these software components with the future high-

throughput 3D prediction system that is under development.  

 

3.2 Objectives 

A GUI development process commonly includes the development of one or a few 

GUI prototypes. Each prototype is evaluated and experience gained from the 

evaluation is used to improve the next prototype and/or final version (Reymond-Pyle 

and Moore, 1995). With this approach ending up with a GUI that swells and get 

unwieldy can be avoided. This dissertation project intends to deploy such a prototype 
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development process. A first objective is therefore to develop a simple GUI that 

deploys a text-based representation of an oligosaccharide. This prototype will be 

evaluated and information gained from this evaluation will be used in the subsequent 

development of a GUI using a graphical representation of an oligosaccharide. 

    The objectives of this dissertation project (including those previously mentioned) 

are listed in sequential order in the following paragraphs: 

1. Choose a suitable text representation of oligosaccharides. Using this 

representation it should be possible to represent linear, single branched and 

multiply branched oligosaccharides. To decrease learning requirements on 

users it should be similar (or identical) to existing text representations.  

2. Develop a GUI prototype that deploys the chosen text representation. Through 

the GUI the user should be able to enter a linear or branched oligosaccharide 

sequence as input to the 3D prediction system.  

3. Perform an evaluation of the text-based GUI prototype. Experience gained 

from the evaluation will be used to improve the next prototype. 

4. Choose a graphical representation of oligosaccharides. Using this 

representation it should be possible to represent linear, single branched and 

multiply branched oligosaccharides. To decrease learning requirements on 

users of the representation it should be similar (or identical) to existing 

graphical representations. 

5. Choose technology for both the client side and server side software 

component. The client technology should be web-based and be able to handle 

a graphical representation of an oligosaccharide. The server-side component 

should be able to communicate with the remote web client, database servers 

and application servers. 

6. Develop a GUI prototype that uses the chosen graphical representation and 

client technology. Through the GUI the user should be able to enter a linear or 

branched oligosaccharide sequence as input to the 3D prediction system. 

7. Perform an evaluation of the GUI prototype using a graphical representation. 

Experience gained from the evaluation will be used to improve the final 

version of the GUI. 
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8. Develop a final version of the GUI. This interface should meet the 

requirements specified in section 3.3.  

9. Perform an evaluation of the final version of the GUI. 

10.  Develop an internal 3D representation. The representation should meet the 

requirements specified in section 3.3. 

11. Set up a small collection of monosaccharide templates. These monosaccharide 

templates should contain information about 3D atomic coordinates and atom 

connections. The templates should be stored in a way that suits the task. 

12. Develop an algorithm that interprets 2D user input data and converts it into 

an initial structure. The initial structure should be stored in the 3D 

representation and meet the requirements specified in section 3.3. 

13.  Perform full system test cases. A few test cases where input is created from 

the graphical user interface on a client and are sent and transferred to the 3D 

representation on a server.  

14. Perform an evaluation of the test cases.  

 

3.3 Specific Requirements 
 

In this section a summary of the requirements on the client side and server side 

software components described earlier in this chapter is given. In the end of the 

section are a few delimitations listed, i.e. things that are not intended to be addressed 

in this project. 

Requirements on the user interface:  

� The user should be able to enter a linear or multiply branched oligosaccharide 

sequence as input to the 3D prediction system. It should be possible to specify 

each residue as having � �� � ��������	
��� 	�� ���� 	 �- or L-

monosaccharide. 

� The user interface design should be directed to users with fundamental 

knowledge about carbohydrates and minor to major knowledge about the 

interface concept.  
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� The user interface should be user and task compatible and have low 

transparency and good responsiveness.  

Requirements on the internal 3D representation:  

� It should store all of the oligosaccharide’s residues three-dimensional atomic 

coordinates and information about atom types and how each atom and each 

residue are connected to each other. 

� It should be possible to write all data of the 3D representation to an output 

coordinate file in pdb format. 

� It must be able to be linked to the 3D prediction system used by the Nyholm 

group. 

Requirements on the initial structure: 

� It should be created according to information in the template files (atomic 3D 

coordinates and atomic connections) and according to user input data. 

� It should contain atomic coordinates for each monosaccharide residue and the 

atoms constituting the glycosidic bonds. 

 

Delimitations: 

� The integration of the software components developed in this project with the 

3D prediction system used by the Nyholm group is not addressed in this 

project. 

� Conformational search and optimization of the torsion angles of the initial 

structure are not addressed in this project. 
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4 The 3D Prediction System 

The 3D prediction system used by the Nyholm group consists of several software 

components (figure 19). Currently the main components are GLYCAN, SYBYL, the 

MM3 force field and an in-house developed conformation search program. These are 

linked in several steps, most of which are manual. To predict the 3-dimensional 

structure of a carbohydrate it is necessary to know its sequence. The sequence could 

be written in any notation as long as it contains information about all bond types and 

residue names. Since the complexity and computational time of a large saccharide is 

huge, the sequence is divided into all possible combinatorial fragments of length 2, 3 

and sometimes 4, i.e. all di- tri- and tetrasaccharides. These fragments are then 

separately and initially predicted by GLYCAN. GLYCAN is a program using a 

modified HSEA method to explore the conformational properties of carbohydrates 

(Nyholm, 2001). By executing GLYCAN once for each fragment the torsion angles in 

disaccharides, trisaccharides and tetrasaccharides can be compared. If there is 

inconsistency in the predicted torsion angles between a disaccharide and a 

trisaccharide it is necessary to refine the prediction of the trisaccharide as well as the 

disaccharide. If there however is consistency in the torsion angles of the disaccharide 

and the trisaccharide it may be possible to exclude the refinement of the tri- or 

tetrasaccharide, hence computational time is reduced.  

    Those fragments that are marked for refinement are all, one at the time, executed in 

GLYCAN a second time to create an initial 3D model. The 3D model of each 

fragment is contained in a file in pdb format with some hydrogen atoms excluded. 

These hydrogen atoms along with the atoms in the glycosidic linkage are added and 

written into a file of MM3 format by the SYBYL program (figure 20). The MM3 files 

are then used as input to an in-house developed conformation search program carrying 

out final calculations on the fragments. The program is developed in Java and 

currently uses a systematic search algorithm to search the conformation space. A 

future goal is to extend the system with the option to use a Monte Carlo algorithm 

(currently under development) or a genetic algorithm. The MM3 force field is 

currently used to evaluate each conformation. Another future goal of the Nyholm 

group is to extend the system with the option to choose a force field other than the 

MM3 force field, such as the CHARMM or the AMBER force field. Adiabatic maps 

can be created for each fragment by using the program GSharp. An example of such 
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an adiabatic map is given in figure 16, chapter 2. When all fragments have been 

calculated by the 3D prediction system they are concatenated and the entire structure 

is refined with the MM3 force field. 

Figure 20. The 3D prediction system used by the Nyholm group. Objects with dashed lines are either 
under development, not yet integrated but existing or future goals. The software components developed 
in this dissertation project are a template collection, 3DPOPS GUI, 3DPOPS Chemlib and the 
connections between them. 

 

    The two software components developed in this project are called 3DPOPS GUI 

and 3DPOPS ChemLib (figure 20). 3DPOPS GUI is the graphical user interface, i.e. 

the client software component. 3DPOPS ChemLib is the internal 3D representation 

and the algorithm creating an initial structure according to user input data and 

template information. The software components of 3DPOPS will in the future be 

integrated with a program that finds the fragments that clashes and marks them for 

refinement. This program could either be the existing GLYCAN program or a new 

program. With this integration a new process could be started for each fragment 

automatically.  It would not be required to perform the manual steps of fragmentation 

and creation of a GLYCAN input file for each fragment and input would easily be 

created via the 3DPOPS GUI instead of using text files. The integration of the 
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3DPOPS GUI with the 3D system is also an absolute prerequisite when the system is 

ready to become publicly available. 
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5 Related Works 

Currently there is only one 3D prediction system for saccharides available on the 

Internet. The software tool is called SWEET and aims to rapidly convert oligo- and 

polysaccharide sequences to preliminary but reliable 3D models (Bohne et al., 1999). 

Some parts of the SWEET system are related to the software components developed 

in this dissertation project. This includes the SWEET web interfaces and the SWEET 

linear notation called LINUCS. The SWEET system is described in more detail in 

section 5.1. 

     CDK and JOELib are open source computational chemistry packages written in the 

programming language Java. The core classes of either CDK or JOELib could be used 

to create the internal 3D representation developed in this dissertation project. CDK 

and JOELib are described in more detail in section 5.2. 

 

5.1 SWEET 

SWEET (Bohne et al., 1999) is a software tool that aims to rapidly convert oligo- and 

polysaccharide sequences to preliminary but reliable 3D models. The tool is 

accessible through the web via four different WWW interfaces at the SWEET 

homepage4. There is one interface for beginners, one for experts, one for cyclic 

structures and a fourth that is called direct input. The input to the interfaces is a 

carbohydrate sequence. The user’s query is sent to SWEET’s 3D prediction system 

when a submit button is pressed. The 2D sequence information the user has provided 

to the system is then converted to a linear string according to an in-house developed 

notation called LINUCS, which is described in more detail in section 5.1.1. This 

linear notation is used as information for linking pre-constructed 3D molecular 

templates of monosaccharide residues (Bohne et al., 1998). In a subsequent step 

systematic rotation around the glycosidic linkages are performed and the Van der 

Waals interactions are calculated for each step of rotation (Bohne et al., 1998). The 

resulting most favoured conformation is finally optimised using a complete MM3 

molecular mechanics force field (Bohne et al., 1998). The final result is a single 

conformation. Information about possible secondary minimum energy conformations 

                                                
4 http://www.dkfz-heidelberg.de/spec/sweet2/doc/ 
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is not included in the final output. It has beed observed that the SWEET system gives 

different results for the same oligosaccharide depending on the order in which the 

sugar units are typed into the web interface (Robobi, 2002). This is apparently due to 

a bug in the SWEET system.  

    The output is presented to the user in a WWW-interface as a list containing the 3D 

coordinates of the resulting conformation in pdb-format, a protocol file of the SWEET 

procedure, ϕ/φ energy map and links to external molecular display applications. There 

is also the option to use the application Babel. Babel is a program designed to 

interconvert a number of file formats currently used in molecular modelling.  

 

5.1.1 LINUCS  

LINUCS is a linear notation of carbohydrates suggested by the developers of 

SWEET. LINUCS is the abbreviation of: LInear Notation for Unique description of 

Carbohydrate Sequences (Bohne, No date). In figure 21 is given an illustration of the 

notation of a tetrasaccharides according recommendations provided by IUPAC and 

according to LINUCS. 

Figure 21. Nomenclature of a tetrasaccharide according to recommendations provided by IUPAC and 
according to the definitions given by LINUCS. 

 

    In the notation monosaccharide residues follows the definitions used by CarbBank 

and SugaBase, i.e. three-letter symbols according to IUPAC recommendations and p 

or f denoting the ring size. The symbols α and β, designating the anomeric 

LINUCS: 

Linear: [][a-D-Glc]{[(4+1)][a-D-Glc]{[(3+1)][a-D-Gal]{}[(4+1)][a-D-Glc]{}}} 

Indented:[][a-D-Glc]{ 

          [(4+1)][a-D-Glc]{ 

                   [(3+1)][a-D-Gal]{} 

     [(4+1)][a-D-Glc]{} 

          } 

     } 

IUPAC: 

Linear: �-D-Glcp-(1-4)-[�-D-Galp-(1-3)-]�-D-Glcp-(1-4)-�-D-Glcp 

In two lines: �-D-Glcp-(1-4)- �-D-Glcp-(1-4)-�-D-Glcp 

�-D-Galp 

  1 

 

  3 
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configuration, are represented by the letters a and b. Depending on the direction of a 

chain, locants are either written as in the CarbBank definition (e.g. (1-4)) or in 

reversed order with the character ‘+’ replacing the character ‘-‘ (e.g. (4+1)). Each 

term representing a monosaccharide residue or a glycosidic linkage is enclosed in 

square brackets. The resulting linear string represents branches by increasing nesting 

levels using a context-free grammar (Bohne et al., 1998). Curly brackets separating 

the residues define the nested levels.  

    The transformation of 2D data to the SWEET notation includes several steps. The 

resulting string does however have the advantage that it can be converted to its 

corresponding CarbBank representation. It is however very difficult to tell what the 

CarbBank representation would look like just by looking at the linear string. To better 

see the nested structure, the string is written in several lines using indentation. With 

this representation as well as the linear string the resemblance with recommendations 

provided by IUPAC are rudimentary.  

 

5.1.2 SWEET Interfaces  

One of SWEET’s four input interfaces was designed for novice users. The interface is 

called the beginners’ version and has the intention to guide potential users to the more 

complex expert version (Bohne et al., 1998). In the beginners’ version the user can 

create the input from drop-down lists (figure 22). The drop-down lists are placed in 

one sequential row, which restricts the user to the creation of linear input sequences of 

at most six residues. Each drop-down list contains six monosaccharides written with 

three-letter symbols. These residues are chosen because they are frequently occurring 

(Bohne et al., 1998). 

    In SugaBase 55 percent of the sequences represent linear structures and 45 percent 

represents branched structures (Bohne et al., 1998). This means that almost half these 

sequences are not allowed as input to the beginners’ interface. The small number of 

allowed monosaccharide residues further limits the user.  

    The numbers of actions that can be carried out are small and the structure and flow 

of operations in the interface match the task that is carried out. This is supportive to 

the novice users provided that they have fundamental knowledge about carbohydrate 

nomenclature.  
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Figure 22. The SWEET beginners’ version. 

 

    Input to the interface directed towards expert users, called the expert version, has to 

be typed as text (figure 23). As was mentioned previously, different results for the 

same oligosaccharide is returned depending on the order in which the sugar units are 

typed into the web interface. The nomenclature of the input is consistent with the 

nomenclature in the beginner’s interface but differs from the CarbBank and IUPAC 

nomenclature by omitting parentheses around the locants of the linkage, e.g. 1-4 

instead of (1-4). The interface could be described as a spreadsheet with 5 rows and 9 

columns with each cell being a text field. Every second text field, both vertical and 

horizontal, are shorter and every other second text field is longer. In the long text 

fields the user are supposed to type the three-letter symbol representing a 

monosaccharide, the anomeric configuration (a or b) and the designators D and L. In 

the short text fields between two longer text fields, the type of bond connecting the 

two flanking sugars is typed. Terms designating a branch are written on a second row. 

The bond creating the branch is typed one row below the parent chain in the same 

column as the branch point. The residues that the branch consists of are written two 

rows below the parent chain, starting at the branch point. There is no error control or 

error handling built into the interface. The user could type anything in any text field. 

It is therefore required that the user is very familiar with the interface concept.  
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    Since no drop-down lists are provided as in the beginners’ version it is required that 

the user knows the exact three-letter symbols representing each monosaccharide 

residue. It is also required that the user knows which residues the system can handle. 

The three-letter symbols in use by the system could however be looked up by 

following hyperlinks to a list of monosaccharide residues and their three-letter 

symbols. This procedure is however tedious to the user and if the user navigates back 

to the input interface by following provided links instead of using the browser’s 

“back-button”, all previously entered input may be erased. As assistance to first time 

users an example of the interface with a correctly pre-typed input could be viewed by 

following provided hyperlinks.  

 

Figure 23. Screenshot of the SWEET expert interface. 

 

    The two other input interfaces provided by SWEET are called direct input and 

rings. The interface called rings is provided to allow the user to build cyclic structures 

and the interface called direct input allows the input of very large sequences. Both 

interfaces have a design that is inconsistent with all the other interfaces. As the user 

assumes consistency and reasons by analogy (Galitz, 1996), learning requirements 

increase by this inconsistency in the interface designs. Users familiar with typing 
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large complex sequences according to the definitions used by CarbBank might 

however find the direct input interface useful. It consists of a large text area into 

which input is typed without any supportive information. If the user already has the 

sequence written in the CarbBank format it can easily be copied and pasted to the 

input text area. By a few adjustments of each row’s relative alignment an input 

sequence is ready to be passed as a query to the system. This interface does however 

require that the user is highly familiar with the CarbBank nomenclature and the 

interface concept. 

    Since the beginners’ interface has a too limited use and the expert interface requires 

that the user is highly familiar with the interface concept and carbohydrate 

nomenclature, the size of the potential user group is diminished. The service provided 

by SWEET is therefore, most likely, only useful to true expert users. The likely user 

group of the SWEET system and interfaces are visualised schematically in figure 24. 

The supposed size and knowledge of this user group is however only based on 

assumptions made by looking at the functionality and the concept of the interfaces. 

    As a service directed towards true expert users it does however have one 

advantage: input can be entered quickly at the expense of informative feedback.  

 

Figure 24. The likely user group of the SWEET system and interfaces. The darkness of the grey scale 
represents the number of expected users, with darker grey representing more users. 
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5.2 CDK and JOELib 

The Chemistry Development Kit5 (CDK) and JOELib6 are open source computational 

chemistry packages. They are written in the Java programming language and are both 

currently under development. Both packages have incomplete documentation of 

respective application programming interface (API). Since they consist of more than 

200 classes each and some of the classes contain more than 100 methods, a well-

documented API is absolutely necessary to a novice user of the packages. The 

packages are also missing support for many common inputs and output molecular file 

formats. The core classes of either CDK or JOELib could however be used to create 

an internal 3D representation. 

    CDK is a complete re-write of an earlier computational chemistry package called 

CompChem. The CompChem classes were the basis of JChemPaint, a Java Editor for 

2D chemical structures and of JMDraw, a Java package for the graphical layout of 2D 

chemical structures.  

    JOELib is the Java version of the OELib library from EyesOpen. The actual C++ 

successor of JOELib is OpenBabel7. OpenBabel is a project designed to pick up 

where Babel left off, as a cross-platform program and library designed to interconvert 

between many file formats used in molecular modelling and computational chemistry. 

 

                                                
5 Available from: http://cdk.sourceforge.net 
6 Available from: http://joelib.sourceforge.net 
7 Available from: http://openbabel.sourceforge.net 
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6 3DPOPS 
 

The developed and implemented solution is called 3DPOPS (3-Dimensional 

Prediction of Oligosaccharide and Polysaccharide Structures). Recall the 14 

objectives listed in section 3.2. During the development process of 3DPOPS these 

objectives were all taken into consideration. In section 6.1 is given a summary of 

3DPOPS. A more detailed description of the chosen method to each objective is 

however given in sections 6.2 to 6.9.  

 

6.1 Overview 

3DPOPS consists of two WWW user interfaces, an internal 3D representation, a flat-

file database with 3D templates and a server side application that receives the user 

input data and transfers it to the 3D representation (figure 25).  

Figure 25.  Schematic drawing of the technical solution of 3DPOPS. Objects drawn with dashed lines 
are not addressed in this project. 
 

    The main interface, that is supposed to fulfil the requirements specified in section 

3.3, is developed in the programming language Java and is embedded in a web page 

as a Java applet. The second interface is the text based GUI prototype that was chosen 

as a secondary solution to those users who do not have a Java plugin installed. This 

interface consists of an HTML form. The interfaces accept a two-dimensional 

representation of an oligosaccharide as input. The input is sent to a Java servlet, 

residing on a web server, as a linear text string. An algorithm reads the information 

contained in template files to the internal representation of monosaccharides 

according to the linear text string. The templates are stored in a flat-file database as 

files of pdb format. The information contained in these templates is converted into the 
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internal representation of a monosaccharide. In a subsequent step these 

monosaccharides are concatenated into the internal representation of an 

oligosaccharide according to a process that resembles the actual process in nature. 

Information about atomic coordinates and atom element types of the initial structure 

can be written to a file of pdb format. The source code and the documentation to 

3DPOPS’ GUI and 3DPOPS ChemLib can be retrieved upon request. 

 

6.2 Text Representation 
Objective 1. Choose a suitable text representation of oligosaccharides. 

IUPAC provides recommendations on carbohydrate nomenclature and notation. There 

is however no recommendations on linear notation of multiply branched saccharides. 

The notation used by CarbBank and SugaBase is based on the IUPAC nomenclature 

but is adapted to the characters that are available on a normal keyboard. To avoid 

problems with the characters α, β and the arrows used in the IUPAC nomenclature 

being defined differently in different systems, a text representation similar to the 

CarbBank and SugaBase notation was chosen. In the notation used by CarbBank and 

SugaBase terms designating branches are written on a second line. A linear notation 

was however preferred and chosen in this dissertation project. With a linear string the 

2D user input data is easily sent from client to server, the input string can easily be 

saved and the technical dependency between the client solution and server solution 

can be small. A linear text representation could easily be sent from different interfaces 

and the information from all of them be interpreted by the same server side algorithm. 

Since no linear representation similar to the IUPAC nomenclature exists, the 

CarbBank and SugaBase nomenclature was extended. The extended CarbBank and 

SugaBase notation similar to the IUPAC notation will in this dissertation be referred 

to as EIUPAC notation (Extended IUPAC notation). 

  

6.3 Text-Based GUI Prototype 
Objective 2. Develop a GUI prototype that deploys the chosen text representation. 

Objective 3. Perform an evaluation of the text-based GUI prototype. 

The text-based interface was chosen to use a HTML form to collect user input data 

and transmit it to the server. This interface will in this dissertation from now on be 

referred to as the form interface. HTML forms commonly consist of text fields, drop-
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down menus and/or text areas. A submit button is commonly used to post the data to 

the server (Gundavaram, 1996). In this interface a linear notation of a carbohydrate is 

created according to the in-house developed notation EIUPAC. Using provided drop-

down menus, typing, or pasting input directly to a provided text area creates desired 

input. By using EIUPAC the input can represent linear and branched carbohydrates. 

To improve functionality and enhance interactivity of the interface, a few scripts were 

embedded in the web page containing the form. These scripts were supposed to help 

the user to provide a correct input to the system. The scripts were developed in the 

script language JavaScript. No error control or error handling was developed for the 

text-based interface. This was supposed to be added to the interface using a graphical 

representation. Users are instead supposed to follow recommendations provided on a 

web page containing help on the form interface. 

    Evaluation of the form interface was performed in cooperation with the Nyholm 

group. Members of the group were given the URL to the form interface and could 

thereby individually test it. A discussion was later on carried out with the entire group 

regarding the interface concept and its advantages and disadvantages. 

 

6.4 Graphical Representation 
Objective 4. Choose a graphical representation of oligosaccharides. 

As previously mentioned, branched carbohydrates are written on several lines in the 

CarbBank and SugaBase definition. This notation is based on recommendations 

provided by IUPAC. To provide a graphical representation familiar to those users 

with fundamental knowledge of carbohydrates, a representation based on this multi-

line notation was created. The graphical representation was chosen to represent a 

carbohydrate in similar fashion as the text notation with some addition of graphics for 

elucidation. Information gained during the evaluation of the GUI prototype, using this 

graphical representation (described in further detail in section 6.5), did however lead 

to a change of choice of graphical representation. The new, and final, choice of 

graphical representation was the use of stereoprojection. This is the most common 

graphical representation of pyranoses (described in section 2.3.1 and 2.3.2). An 

example of this kind of graphical representation was given in figure 9, section 2.3.1 

and in figure 11, section 2.3.2. The stereoprojection representation was simplified in 

order to provide an interface that is easy to understand. With this representation 
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anomeric and absolute configuration can be visualized and both linear and branched 

carbohydrates can be represented. 

 

6.5 Client/Server Technology 
Objective 5. Choose technology for both the client side and server side software  

component. 

As client technology a Java applet approach was chosen (described in section 6.5.1). 

The Java applet interface is the one that was supposed to fulfil the requirements 

specified in chapter 3.3. A Java servlet was chosen as the server side technology that 

communicates with the applet and the internal 3D representation (described in section 

6.5.2).  

 

6.5.1 Java Applet 

A Java Applet is developed in the object oriented programming language Java and is 

embedded in a web page. The applet is downloaded to the browser along with the web 

page it is embedded in when a user enters the URL to the applet web page. The applet 

is then executed locally in the web browser on the client’s computer. To be executed 

it is required that a Java plugin has been installed on the client computer. The Java 

plugin is a software component provided for free by Sun Microsystems8. If the 

graphical contents of the applet have to be changed dynamically, as in the approach 

used in the GUI with a graphical representation (described in further detail in section 

6.6 and 6.7), no further communication with the server is normally required. This 

means few client server calls and thereby reduced response time and higher 

responsiveness (responsiveness, section 2.1.2). 

    The HTML form approach, as used in the form interface, provides a simple but 

limited way of collecting user input data and transmitting it to a servlet (Hall, 2000). 

With the applet interface approach a more sophisticated interface can be developed. 

Applets provide more control over the size, colour and font of the GUI controls. 

Applets also provide built-in capability (sliders, pop-up windows, line drawing, etc.), 

allows tracking of mouse and keyboard events and building custom input components 

(Hall, 2000). With the applet approach it is therefore possible to provide an interface 

that can create a dynamically updated input presented graphically to the user 
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(simplicity, section 2.1.2). The benefits of an applet approach thereby facilitate the 

aim of fulfilling the requirements specified in section 3.3. The applet approach also 

technically supports presentation of output data from the future 3D prediction system. 

 

6.5.2 Java Servlet 

A Java servlet has the necessary advantage that it can communicate with an applet 

client. This was however not the only reason for choosing the Java servlet approach. 

As Hall (2000) in discussing advantages over CGI states: 

“Java servlets are more efficient, easier to use, more powerful, more portable, 

safer, and cheaper than traditional CGI and many alternative CGI-like 

technologies” (p.7). 

    As mentioned in section 2.2.4 Java servlets are written in the Java programming 

language and are portable, they can communicate directly with the server and there is 

no need (for the developer) to filter characters like backquotes and semicolon. 

Another advantage with servlets is that they do not start a new process for each HTTP 

request like the CGI approach. Instead each request is handled using a lightweight 

Java thread and not a heavy weight operating system process (Hall, 2000). If there 

were N simultaneous requests to the same servlet there would be N threads but just 

one copy of the servlet class. With the CGI approach the program is loaded into the 

memory N times (Hall, 2000). The CGI and Java Servlet response time of pings are 

quite similar, but execution of servlets is often an order of magnitude faster than their 

CGI counterparts (Orfali and Harkey, 1998). 

    The future integration of 3DPOPS with the 3D prediction system that is under 

development by the Nyholm group will require access to application servers. A future 

goal of the Nyholm group is also to store the results from performed predictions in a 

database. Upon query to the 3D system could the corresponding 3D structure be 

accessed directly from the database and computational time be reduced. Java servlets 

are considered by many developers to be a good solution for applications that require 

intensive access to application servers and database servers (Deitel and Deitel, 1999). 

A Java servlet approach thereby supports the future integration of the software 

                                                                                                                                       
8 Available from: http://java.sun.com 
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components of 3DPOPS with the automatized 3D prediction system that is under 

development by the Nyholm group. 

 

6.6 GUI Prototype with Graphical Representation 
Objective 6. Develop a GUI prototype that uses the chosen graphical representation 

and client technology.  

Objective 7. Perform an evaluation of the GUI prototype using a graphical 
representation. 

As described in section 6.5 an applet approach was chosen to construct this GUI 

prototype as well as the final version of the GUI. The interface uses a graphical 

representation of an oligosaccharide and is from now on referred to as the applet 

interface. 

    It was assumed that the users of the system were already familiar with common 2D 

representations of carbohydrates. The chosen graphical representation used in this 

GUI prototype (and changed to the final version) was based on the multi-line notation 

used by IUPAC, CarbBank and SugaBase as described in section 6.4. The applet GUI 

was constructed to replicate this representation and portray it on the screen. The user 

was then supposed to modify the objects on the screen by pointing and clicking and 

using provided drop-down menus (simplicity, section 2.1.2). This familiar 

environment allows the user to focus on the data and not on the application (Galitz, 

1996). This also helps novice users and enhances the expert users’ performance by 

keeping the number of actions to carry out small (user and task compatibility, section 

2.1.2). 

    An applet can communicate with a servlet in several ways. In this applet interface a 

HTTP stream approach was chosen to send the 2D user input data to the server. By 

using this approach problem with communication across a firewall is avoided. The 2D 

user input data is sent to the server as a linear text string constructed according to 

EIUPAC. An algorithm integrated with the applet component translates the user’s 

graphical representation of an oligosaccharide to the linear notation. With this 

approach one server side algorithm can interpret the 2D user input data from the 

applet interface as well as the form interface and thereby increase modularity. The 

form interface (described in section 6.3) is however only considered as a complement 

to the primary interface. The approach used in the form interface lowers the 

requirements of the client's web browser version, i.e. the approach does not require a 
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Java plugin to be installed.  Users whom, for some reason, do not have the Java plugin 

installed and do not have the possibility to do so can use this interface instead. If this 

approach were not taken these users would not have the possibility to use the future 

service provided by 3DPOPS. Sending the 2D user input data as a linear string also 

has the advantage that input data can be saved easily. Along with the development of 

the applet prototype, a web page containing help on the applet interface was created. 

    Evaluation of the applet interface was performed in cooperation with the Nyholm 

group in a similar way as with the evaluation of the form interface. Members of the 

group were given the URL to the applet GUI prototype and could thereby individually 

test it. A discussion was later on carried out with the entire group regarding the 

interface concept and its advantages and disadvantages. 

 

6.7 Final GUI  
Objective 8. Develop a final version of the GUI. 

Objective 9. Perform an evaluation of the final version of the GUI. 

By evaluation of the applet prototype it was decided that its concept, technology and 

implementation should be used as groundwork to the development of the final version 

of the GUI. The evaluation of the applet prototype did however lead to a change of 

choice of graphical representation. As mentioned in section 6.4 a representation of an 

oligosaccharide in a simplified stereoprojection was chosen (familiarity, section 2.1.2) 

instead of the representation based on the multi-line notation. As in the applet 

prototype, the interface was constructed to replicate the representation and portray it 

on the screen. The interface was supposed to be user and task compatible with novice 

and expert users (as specified in section 3.3). To aid novice users, help and 

information messages were added, buttons and drop-down menus were hidden until 

they were needed and important functions were prominently featured (simplicity, 

section 2.1.2). In order to enhance performance of expert users and aid novice users 

the number of actions to carry out was kept small. The interface was designed so that 

no technical knowledge of the 3D prediction system is needed (transparency, section 

2.1.2). 

    Evaluation of the final version of the applet interface was performed in cooperation 

with the Nyholm group. Members of the group were given the URL to the applet 

interface and could thereby individually test it. A discussion was later on carried out 
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with the entire group regarding the interface concept and its advantages and 

disadvantages. Due to the time schedule of this dissertation project was no evaluation 

performed with a larger test group. The interface will initially be used locally within 

the Nyholm group and when the system is ready to become publicly available an 

evaluation could be performed. 

 

6.8 Server Side Components 
Objective 10. Develop an internal 3D representation. 

Objective 11. Set up a small collection of monosaccharide templates.  

Objective 12. Develop an algorithm that interprets 2D user input data and converts it 
into an initial structure. 

    To interpret the 2D user input data and create an initial structure stored in an 

internal 3D representation a small package of Java classes was developed. The 

package was called 3DPOPS Chemistry Library (3DPOPS ChemLib). The object 

oriented environment that the Java language provides was used to create an internal 

3D representation that could handle 3D molecular data. To these classes, constituting 

the internal representation, utility classes were added. These classes were developed 

to perform client-server communication, to provide I/O functionality, to perform 

interpretation of client input data and to carry out the creation of an initial structure. 

To construct an initial structure of an oligosaccharide according to user input data, 3D 

monosaccharide templates were needed. These were stored in a flat-file database. 

 

6.8.1 Internal 3D Representation 

Objective 10. Develop an internal 3D representation. 

    Core classes storing information about molecules, atoms, monosaccharides and 

oligosaccharides were developed for the ChemLib package. These classes constitute 

the internal 3D representation. Each class was given behaviours and properties that 

mimicked the actual object in nature. Added methods were supposed to allow 

manipulation such as movement and concatenation of the stored data. No methods 

were however added that adjusts the torsion angles of an oligosaccharide. This was 

supposed to be performed by the 3D prediction system that is under development by 

the Nyholm group. 

    The core classes of either CDK or JOELib could have been used to create parts of 

the internal 3D representation to the 3D prediction system used by the Nyholm group. 
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The documentation of JOELib and CDK is however, as previously mentioned, 

insufficient and most of their functions are not needed. Incorporation of either CDK 

or JOELib into the 3D prediction system does also require the terms and conditions of 

the GNU General Public License (GPL) to be followed. This is a license used by the 

open source community containing conditions regarding copying, distribution and 

modification of open source programs. The 3D prediction system used by the Nyholm 

group is currently not part of the open source community and as long as they do not 

consider an open source program truly useful to them, they avoid integrating open 

source programs to their system. At the moment JOELib and CDK are therefore not 

considered truly useful to the 3D prediction system.  

 

6.8.2 Template Collection 

Objective 11. Set up a small collection of monosaccharide templates.  

    To construct an initial structure of an oligosaccharide according to user input data, 

3D monosaccharide templates were needed. A small collection of templates was 

downloaded from the SWEET web site. The templates were in pdb file format and 

formatted by the application Babel. All files contained information about atom types, 

3D atomic coordinates and information about atomic bondings. No information was 

given at the SWEET web site about the origin and reliability of the templates. The 

templates were however only considered as test objects used in full system test cases 

(described in section 6.9). The templates were stored in a flat-file database with file 

names consistent with the name of the monosaccharide in EIUPAC. The flat-file 

database approach was chosen since no complex querying would be made to the 

database. Only one type of query was required as is described in section 6.8.3.     

 

6.8.3 Interpretation and Utilities     

Objective 12. Develop an algorithm that interprets 2D user input data and converts it 

into an initial structure. 

    To the core classes, constituting the 3D representation, was several utility classes 

added. These classes were developed to perform communication between client and 

server and communication between server and the flat-file database. To the utility 

classes were also added classes that interpreted the 2D user input data and transferred 
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it to an initial structure and classes that could write the information contained in the 

internal 3D representation to an output file of pdb format. 

    An algorithm that creates an initial 3D structure according to 2D user input data 

and stores it in an internal 3D representation was developed. This algorithm was 

included in one of the utility classes of 3DPOPS ChemLib. The algorithm was 

developed to read each of the monosaccharides specified in the EIUPAC string to the 

internal 3D representation of a monosaccharide by using information in the 

corresponding pdb file. When the monosaccharide residues are converted to the 

internal 3D representation they are concatenated and added to the internal 3D 

representation of an oligosaccharide according to the bond types specified in the 

EIUPAC string. The concatenation of two monosaccharides is followed by the 

removal of two hydrogen and one oxygen atom from the complex. This simulates the 

creation of the glycosidic linkage in nature. Monosaccharides are supposed to be 

connected with correct bond length between the atoms in the glycosidic linkages and 

with all bond angles in respective monosaccharide contained intact. The algorithm 

was however not developed to adjust the torsion angles of the glycosidic linkage (ϕ 

and φ) and the torsion angle ω between carbon 5 and carbon 6. These torsion angles 

are supposed to be predicted by the conformation search program used by the Nyholm 

group and are not addressed in this dissertation project. 

     

6.9 Full System Testing and Evaluation 
Objective 13. Perform full system test cases.  

Objective 14. Perform an evaluation of the test cases. 

    In order to test the functionality of the software components developed during the 

dissertation project was a Tomcat server installed. The applet GUI and the form GUI 

were set to connect to the Tomcat server on the local machine. A collection of 

carbohydrate sequences was chosen from the CarbBank database to be used as test 

set. The sequences were of varying length, some had nested branches while other 

were linear. They consisted of different monosaccharide residues connected with 

varying bond types.  

   In the form interface and in the applet interface was a representation of each 

sequence created and sent to the Tomcat server. The 2D user input data was converted 

to an initial structure that was written to disk as a file of pdb format by the ChemLib 
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package. As output from the system an information message was sent back to the 

client interfaces. The message contained the name and location of the created pdb file. 

The resulting pdb files were then used to view the 3D structure in the molecular 

visualization program ChemScape Chime9 and Swiss PDB Viewer10. Each test run 

was evaluated according to four criteria:  

1. Could a representation of the carbohydrate sequence be created in the applet 

interface and in the form interface? 

2. Was a valid EIUPAC string received by 3DPOPS ChemLib? Did the string 

represent the same carbohydrate as the representation in the applet interface?  

3. Was a file of pdb format written? Does it contain all atoms and do they have 

correct indices? Does it contain information about atom element type, atom 

coordinates, and atom connections?  

4. Can the pdb file be viewed in ChemScape and the Swiss PDB viewer? Are the 

residues connected according to user input data?  

 

                                                
9 Available from: http://www.mdlchime.com/ 
10Available from: http://www.expasy.ch/spdbv/ 



 

 58 

7 Results 
 

A small web site11 was developed for the resulting graphical interfaces and help pages 

(figure 26). The applet interface, the main interface to 3DPOPS, was chosen as the 

main page to the 3DPOPS web site. This interface is supposed to be the link between 

most users and the future 3D prediction system, even though a smaller group of users 

are expected to use the secondary interface, the form interface. On the main page of 

3DPOPS hyperlinks are provided that make it possible for the user to jump to the 

form interface, a web page containing help on the applet interface, or a web page 

containing a short description of 3DPOPS. The web page containing help on the form 

interface can be reached by following the hyperlink provided in the form interface. 

 

 

Figure 26. The structure of the 3DPOPS web site. 

 

                                                
11 Available from: http://bioinformatics.tux.nu 
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7.1 EIUPAC Notation 
Objective 1. Choose a suitable text representation of oligosaccharides. 

Since there are no recommendations provided by IUPAC regarding linear notation of 

carbohydrates with nested branches (branch on branch), and since no other linear 

representation similar to the IUPAC nomenclature exists, a new notation was 

developed. This notation is based on the CarbBank and SugaBase notation that in turn 

is based on the IUPAC notation, and was therefore named EIUPAC (Extended 

IUPAC).  

    The EIUPAC notation is almost identical to the CarbBank and SugaBase notation 

when it comes to non-branched carbohydrates. The only difference is that the letter p 

and f designating ring size is omitted. The reason for this is that the 3D prediction 

system used by the Nyholm group at present only performs calculations on 

saccharides consisting of pyranoses. There is currently no intention to extend the 

system to deal with furanoses, hence information about ring size is unnecessary. It is 

understood, as in the condensed form of the IUPAC notation, that the monosaccharide 

residues are pyranoses. In figure 27 is given an example of notation of a 

pentasaccharide according to EIUPAC, CarbBank and IUPAC. 

 

Figure 27. Nomenclature of a branched pentasaccharide. 

     

    The EIUPAC notation can represent oligosaccharides with nested branches by 

introducing nested square brackets. Terms defining a branch are enclosed in square 

brackets in front of the branch point, as in the IUPAC notation used for carbohydrates 

 EIUPAC:      a-D-Glc-(1-4)-a-D-Glc-(1-4)-[a-D-Glc-(1-6)-]a-D-Glc-(1-4)-a-D-Glc 

 CarbBank:                                 a-D-Glcp-(1-6)+ 
                                                                             | 
                       a-D-Glcp-(1-4)-a-D-Glcp- a-D-Glcp-(1-4)-a-D-Glcp  

 IUPAC:         α-D-Glcp-(1→4)-α-D-Glcp-(1→4)-[α-D-Glcp-(1→6)-]α-D-Glcp-(1→4)-α-D-Glcp 
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with non-nested branches (see figure 27). If a branch is extending from another 

branch, the terms defining this branch are enclosed in square brackets within the 

square brackets defining the parent branch. This could be viewed as if the terms 

defining a branch in the multi-line CarbBank and IUPAC notation would be enclosed 

in square brackets and placed in front of the branch point in one row. In figure 28 is 

given an illustration of the similarity between the structure of the EIUPAC and 

CarbBank notation. 

Figure 28. Notation of an oligosaccharide with one nested branch according to EIUPAC and 
CarbBank. To visualize the resemblence between the notations the first branch level is shown in bold 
font and the second level in italic font. The curly brackets visualize where terms defining branches in 
the CarbBank notation are placed in the linear EIUPAC string.  
 

7.2 Form Interface 
Objective 2. Develop a GUI prototype that deploys the chosen text representation. 

Objective 3. Perform an evaluation of the text-based GUI prototype. 

The form interface consists of five drop-down menus, a text area, a reset button and a 

submit button (figure 30). The drop-down menus are placed in one row and are used 

to create an input text string according to the EIUPAC notation (figure 29).  

     

Figure 29. Screenshots of the five drop-down menus used in the form interface. 1) Anomeric 
configuration 2) Absolute configuration 3) Available monosaccharide residues 4) Bond types 5) Point 
of focus. If “Main chain” is chosen the input is added at the end of the string. If “New branch” is 
chosen input is added in front of most recently added input. 

 

CarbBank: 
                                       a-D-Manp-(1-6)+ 
                                                                  |                              
                          a-D-Galp-(1-4)-a-D-Glcp-(1-6)+ 
                                                                              | 
                 a-D-Glcp-(1-4)-a-D-Glcp-(1-4)-a-D-Glcp  

EIUPAC: 
a-D-Glc-(1-4)-a-D-Glc-(1-4)-[a-D-Gal-(1-4)-[a-D-Man-(1-6)-]a-D-Glc-(1-6)-]a-D-Glc 
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    In the first drop-down menu the user can set the anomeric configuration to either α 

or β by selecting either the letter a or the letter b. In the second drop-down menu the 

user can set the absolute configuration as D or L. In the third drop-down menu is a list 

of available monosaccharide residues. These monosaccharides are represented by 

three-letter symbols according to recommendations provided by IUPAC. In the fourth 

drop-down menu is a list of bond types. With the fifth drop-down menu the user 

selects the point of focus.  

    Embedded in the web page containing the form interface are scripts written in the 

script language JavaScript. When the user selects a residue from the drop-down menu 

the text representation of the residue, including selected anomeric and absolute 

configuration, is copied to the text area. In the same way is a term representing a bond 

type copied to the text area when chosen from the fourth drop-down menu. A new 

term is by default placed at the end of the existing EIUPAC string in the text area. If 

the user wants to create a branch the option “New branch” is chosen in the last drop-

down menu. This changes the point of focus by adding all new terms, starting with the 

addition of a pair of square brackets, in front of the most recently added term. In this 

way the user creates a branch from the branching point to the end of the branch. 

 

Figure 30. Screenshot of the form interface at the 3DPOPS web site. 
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    There is also an embedded script in the web page that moves the focus between the 

monosaccharide drop-down menu and the bond type drop-down menu. The script 

automatically transfers focus to the menu containing bond types when a 

monosaccharide has been selected and vice versa. The drop-down menu is highlighted 

and the user can select bond type or residue directly by either pointing and clicking 

with the mouse or by using short commands on the keyboard. The purpose of this was 

to aid novice users and enhance performance of expert users by changing focus 

according to the structure and flow of operations that is carried out.  

    Input can also be typed or pasted directly to the text area (figure 30). The input 

must be a linear EIUPAC string with correct syntax and spelling. No error control or 

error handling was built into the text-based form interface. Users were instead 

supposed to follow recommendations provided on a web page containing help on the 

form interface. This help page contains a short introduction to the interface and an 

example of how to use it. The example gives a stepwise description of the practical 

procedure of creating an EIUPAC string in the interface. 

    Experience gained from the evaluation of the form interface led to some decisions 

regarding the next GUI prototype:  

• The concept of using drop-down menus to select monosaccharide residue, the 

anomeric and absolute configuration and bond type should be used in the next 

prototype. The drop-down menus were easy and fast to use and there was no 

need for the user to know the three-letter symbols of the monosaccharides. 

• The number of actions to carry out was small and should be kept so.   

• With the graphical representation that would be used in the next prototype it 

needed to be easier to distinguish, focus on, and create branches in a nested 

carbohydrate.  

 

7.3 Graphical Representation 
Objective 4. Choose a graphical representation of oligosaccharides. 

To provide a graphical representation familiar to those with fundamental knowledge 

of carbohydrates, a representation based on the CarbBank and IUPAC multi-line 

notation was initially chosen (described in section 7.3.1). Information gained during 
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the evaluation of the GUI prototype, using this graphical representation, did however 

lead to a change of choice of graphical representation. The new, and final, choice of 

graphical representation was the representation of an oligosaccharide in 

stereoprojection (described in section 7.3.2). 

 

7.3.1 Graphical Representation 1 

A monosaccharide in the graphical representation used in the applet prototype was 

represented by its three-letter symbol enclosed with a black border. Information about 

anomeric and absolute configuration was omitted in the representation. This 

information was instead supposed to be provided by the applet prototype interface. 

Drawing a line between two residues represented a bond with its locants written next 

to the line. The line was drawn horizontally or vertically depending on bond type 

(figure 31).  

 

 
Figure 31. Representation of a tetrasaccharide according to the CarbBank notation and the graphical 
representation used in the applet prototype. 

 

    As was previously described, this graphical representation was used in the applet 

prototype but was changed for the final version of the applet interface. During the 

evaluation of the applet prototype several drawbacks with the graphical representation 

was observed: it does not contain information about anomeric and absolute 

configuration, the concept is not similar to any common and recommended graphical 

representation, and it is not similar enough to common and recommended text 

representations. To aid both novice and expert users it was decided that the graphical 

representation should visualize the anomeric and absolute configuration of each 

monosaccharide directly. Adding this information to the current representation would 

not make it more familiar to those with fundamental knowledge about carbohydrates. 

Instead of using this concept a new graphical representation was chosen. This 

representation, described in the next section, was chosen because it is more familiar to 

the target users than the representation described in this section. Also the 

a-D-Glcp-(1-4)-a-D-Glcp-(1-2)-a-D-Glcp 

   | 

         a-D-Galp-(1-3) + 

Graphical representation 1 CarbBank 
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configuration of each monosaccharide was easily visualized with the new 

representation, without using an unfamiliar representation. 

 

7.3.2 Graphical Representation 2 (Final) 

The second, and final, choice of graphical representation was the representation of an 

oligosaccharide in a simplified stereoprojection. This graphical representation is 

recommended by IUPAC for pyranoses. In this common representation the 

positioning of hydrogen and hydroxyl groups tells which residue it is. This does 

however require that the user of the representation is a professional within the field of 

carbohydrates. Since the target users of 3DPOPS are expected to have fundamental, 

but not professional, knowledge about carbohydrates the representation was 

simplified. Only the ring structure was visualized with hydrogen, hydroxyl and carbon 

6 omitted. The three-letter symbol of the monosaccharide was written in the centre of 

the ring. To keep the representation simple the anomeric configuration was chosen to 

be visualized by drawing either the characte� � �� � ���� �� ��� anomeric centre, 

together with carbon index 1. Other carbon indices were indicated only when the 

carbon is participating in a glycosidic bond. The chosen representation, that is a 

simplification of the representation recommended by IUPAC, is exemplified in figure 

32 together with the corresponding IUPAC representation. 

O

OO

HO
HO

HO

HO

HO

OH

CH2OH

CH2OH

 

Figure 32. Representation of a disaccharide according to IUPAC (A) and the graphical representation 
used in the final applet version (B). The glucose residues are linked with a 1-4 bond. 

 

A B 
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7.4 Applet GUI Prototype 
Objective 6. Develop a GUI prototype that uses the chosen graphical representation 

and client technology.  

Objective 7. Perform an evaluation of the GUI prototype using a graphical 
representation. 

    As in the form interface a monosaccharide residue, its anomeric and absolute 

configuration, and a bond type, are selected from drop-down menus in the applet 

prototype (Figure 33). To add the selected residue the user is supposed to press an add 

button. Upon pressing the add button a graphical representation of the 

monosaccharide is drawn in the drawing area below the button panel. The 

monosaccharide is drawn according to the graphical representation described in 

section 7.3.1. If the user points and clicks within the border of a monosaccharide its 

otherwise white background turns blue. This indicates that the monosaccharide is 

currently in focus. When adding a new monosaccharide it is added to the 

monosaccharide that is in focus. A line is drawn between the two residues according 

to chosen bond type and the whole complex is centralized in the drawing area. The 

first locant of the bond type specifies the carbon on the focused monosaccharide and 

the second locant specifies the carbon on the monosaccharide to be created, i.e. a 3-1 

bond connects the focused sugar from its third carbon to the first carbon on the new 

monosaccharide. A user can change the values of the focused monosaccharide by 

selecting new values in the drop-down menus and pressing the update button. The 

new residue symbol will immediately appear in the focused monosaccharide box. The 

drop-down menus used to set the anomeric configuration and the residue type are 

dynamically updated. 

    The provided submit button can only be pressed if a monosaccharide residue has 

been defined as input. If it is pressed the graphical representation is converted into an 

EIUPAC text string. This is made possible by using the object-oriented environment 

that the Java language provides. Each monosaccharide is stored as a separate object 

that holds information about its type and neighbours. In this way monosaccharide 

objects are stored in a non-binary tree structure. A recursive algorithm traverses the 

tree structure and adds text information contained in each object to the EIUPAC 

string. The first added chain is considered as the parent chain in the EIUPAC string. 
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Figure 33. Screenshot of the prototype of the applet interface. The monosaccharide currently in focus 
is visualized by a blue background in its box. 

 

    Some drawbacks with the applet prototype were observed during the evaluation: a 

constructed carbohydrate was allowed to be larger than the drawing area could show, 

a monosaccharide could be added and drawn to a position which were already 

occupied, no information or help messages were provided, and the user was allowed 

to construct several outgoing linkages from the same carbon. 

    The applet prototype did however have advantageous features: As in the form 

interface the number of actions to carry out was small, by changing focus by pointing 

and clicking it was also easier to distinguish, focus on, and create branches in a nested 

carbohydrate. 

    Experience gained from the evaluation of the applet prototype led to some 

decisions regarding the next, and also final, GUI that was developed: 

• The concept, technology and implementation of the applet prototype should be 

used as groundwork to the development of the final version of the GUI. 
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• A new graphical representation that was more familiar to those with 

fundamental knowledge of carbohydrates should be chosen (described in more 

detail in the previous section, 7.3). 

• Help and information messages were needed in order to aid novice users. 

• It should not be possible to create input larger than the drawing area, it should 

not be possible to add a monosaccharide on top of an existing 

monosaccharide, and a carbon should only be allowed to participate in a single 

glycosidic linkage. 

• A monosaccharide should be added in the forward direction. This would be 

consistent with the actual process in nature and it would reduce the number of 

possible choices in the bond type drop-down menu. 

 

7.5 Final GUI 
Objective 8. Develop a final version of the GUI. 

Objective 9. Perform an evaluation of the final version of the GUI. 

The technology and implementation used in the applet prototype was used as 

groundwork for the development of the final version of the GUI. The basic concepts 

of updating, drawing and changing focus were retained along with the reset and 

submit function. Created input was converted to an EIUPAC string by the recursive 

algorithm and sent to the server by an HTTP stream. The graphical representation was 

however changed to a simplified stereoprojection as described in section 7.3.2. This 

representation was chosen because it was supposed to be more familiar to the target 

users than the representation used in the applet prototype. As in the applet prototype 

the interface was designed to replicate and portray the graphical representation on the 

screen. 

    This final graphical user interface was embedded in the main page of the 3DPOPS 

web site (figure 34). Three HTML hyperlinks were provided on the web page, in 

addition to the applet interface and the header of 3DPOPS. With these hyperlinks the 

user could jump to: a web page containing help on the applet interface (visualized by 

a question mark), a web page containing information about 3DPOPS (visualized by a 

‘i’ as in information) or a web page containing the form interface (visualized by a 

‘X’). 
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Figure 34. Screenshot of the final version of the applet GUI embedded in the web page on the 
3DPOPS web site. 

 

7.5.1 Adding a Monosaccharide 

A representation of a carbohydrate is constructed in the final GUI in an order reversed 

to the order of construction in the applet prototype. The first added monosaccharide is 

considered as the root, it represents the reducing end in nature. The first locant of the 

bond corresponded to the carbon of the focused monosaccharide in the applet 

prototype. In the final version, however, the first locant of the bond corresponds to the 

carbon of the monosaccharide that will be added. Each newly added monosaccharide 

is thereby always connected from its anomeric carbon (1) to one of the available 

carbons (1, 2, 3, 4 or 6) on the currently focused monosaccharide (figure 35). This is 

similar to the process in nature where a glycosidic bond is created from the anomeric 

carbon of a new monosaccharide to the non-reducing end of an existing 

monosaccharide structure. The newly added monosaccharide gains focus and the 

process can be repeated. A focused monosaccharide is drawn with blue background. 

    Since the order of actions to carry was changed, the structure and flow of 

operations in the interface was changed to better match the task that was carried out. 



 

 69 

The location of the drop-down menus used to select monosaccharide residue and its 

configuration switched place with the bond type drop-down menu (figure 35). 

 

 

Figure 35. The order in which a monosaccharide is added to an existing monosaccharide. In the final 
version a glycosidic bond is created from the anomeric carbon of the new monosaccharide to a carbon 
on a monosaccharide unit in an existing structure. This mimics the creation of oligosaccharides in 
nature. 

 

7.5.2 Delete Function 

To the final applet version a delete function was added. By right-clicking with the 

mouse device within the area of a monosaccharide the delete function is activated. A 

red cross is then drawn on top of the monosaccharide and all of its children (figure 

36). The parent of a monosaccharide is the monosaccharide which is connected to its 

anomeric carbon. Right clicking on the root monosaccharide marks all 

monosaccharides in the structure with a red cross. When any monosaccharide residue 

have been selected for delete the normally dimmed delete button is activated. By 

pressing the delete button all residues marked with a red cross are deleted. The action 

of selecting residues for delete can be undone by pressing a mouse button in a blank 

area within the drawing area. The action of deleting residues can however not be 

undone. 

 

Final version Prototype 
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Figure 36. Screenshot of the delete function in the applet interface. By clicking on the right mouse 
button on a monosaccharide the delete function and button are activated. Pressing the delete button 
deletes all residues marked with a red cross. The right-most monosaccharide in the image is the first 
added and thereby considered as the root. 

 

7.5.3 Providing Simplicity  

Hiding things until they are needed and prominently feature important functions can 

provide simplicity to an interface (Galitz, 1996; Mayhew, 1992). To provide this kind 

of simplicity to the applet interface buttons and drop-down menus are inactivated 

during different states of the GUI (figure 37). An inactivated button or drop-down 

menu is dimmed and has no functionality. The GUI can be in one of four possible 

states: start state, focus state, no focus state, or delete state. The GUI is by default 

always in the start state when no input is yet created (figure 37B). In this state the 

delete, update, reset, and submit button is inactivated since there is no input created 

that the actions can be carried out on. Adding a monosaccharide is the only action 

allowed and hence also the only functionality provided. If a monosaccharide is added 

in this state it is the first monosaccharide to be added. Since the first monosaccharide 

is initially not connected to any other monosaccharide, also the bond type drop-down 

menu is inactivated. 

    In all other states, as in the start state, are buttons and drop-down menus activated 

or inactivated depending on allowed actions. The GUI is in the focus state when any 

monosaccharide has focus, in the no focus state when no monosaccharide has focus 

(achieved by clicking with the mouse in a blank area within the drawing area) and in 

the delete state (figure 37A) when at least one monosaccharide is selected for delete. 
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Figure 37. During different states of the GUI are some buttons and drop-down menus inactivated. An 
inactivated component is dimmed in the interface. A) The GUI is in the delete state and the user are not 
allowed to update or add a monosaccharide nor submiting the query. B) The GUI is in the start state. 
No monosaccharide has yet been added and thereby is the update, delete, reset and submit function 
inactivated. 

 

    To provide more simplicity and to prevent the creation of unallowed bonds the 

drop-down menus are dynamically updated in the interface. When a monosaccharide 

gains focus all drop-down menus are updated according to the type and characteristics 

of the newly focused residue (figure 38). The drop-down menus used to set anomeric 

and D-, L-configuration are updated according to the anomeric and absolute 

configuration of the monosaccharide in focus. The drop-down menu used to select 

monosaccharide name is set to the value that is equal to the name of the 

monosaccharide in focus. The bond type drop-down menu is updated according to the 

carbons of the monosaccharide that are not participating in a glycosidic bond.  

 

Figure 38. The drop-down menus are dynamically updated according to the monosaccharide in focus. 
The bond type drop-down menu is updated so that only valid bonds can be selected.   

 

    In figure 38 is shown a representation of an oligosaccharide created in the applet 

interface. Carbon atoms 1, 2 and 3 of the monosaccharide that is in focus in the 

representation are participating in glycosidic bonds. A new monosaccharide can 

therefore only be added to carbon 4 or carbon 6 of the focused monosaccharide. To 

prevent the creation of duplicate bonds to a carbon and to enhance speed and 

performance for the user the bond type drop-down menu is updated so that only valid 
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bond types are shown. In the example given in figure 38 the valid bonds are a 1-4 

bond and a 1-6 bond. 

 

7.5.4 Help and Information Messages 

To aid novice users help and information messages were added to the interface. Each 

button, drop-down menu and label was given a separate tool-tip text. By holding the 

tip of the mouse pointer (hence the word tool-tip) above any of these components the 

corresponding tool-tip text is shown. Each tool-tip text contains an information 

message that is supposed to help the user to understand the functionality of the 

corresponding component (figure 39). Since the expert users do not need as much 

informative feedback as the novice users it may be frustrating with information 

messages popping up all the time. This was taken into consideration and adjusted by a 

one second delay (approximately) between the entrance of the mouse pointer in the 

area of the component and the visualization of the tool-tip information message.  

 

Figure 39. The button panels at top and bottom of the applet interface. A tooltip text message is shown 
for each component in the interface when the mouse pointer is held above it. The bond type drop-down 
menu and the update button are dimmed because the GUI is in the start state (no monosaccharide has 
yet been added). 

 

    In the applet prototype could a user continue the construction of a carbohydrate 

representation even though the carbohydrate was larger than the drawing area. The 

user could by that not see what was created nor change focus by using the mouse 

device. In the final GUI is the user limited to the creation of carbohydrates within the 

drawing area. The maximum size of the 2D representation of a carbohydrate is 

therefore approximately 7-10 residues in width and 4-7 residues in height with some 

variation depending on used bond types. The 3D prediction system used by the 

Nyholm group does however only perform calculations on oligosaccharides and no 

input carbohydrate is expected to consist of more than ten residues. A common size of 

an input sequence is around five monosaccharide residues.  
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    In the bottom right corner of the interface is an information message shown. The 

normal message is “OK” shown in green (figure 40A). This indicates that no 

unallowed action is performed. If the user however tries to add a monosaccharide in a 

direction in which maximum size is reached is the information message “Residue out 

of bounds” shown in red (figure 40B). No monosaccharide is added and the 

information message is set to “OK” as soon as the user performs a valid action. 

 

Figure 40. The button panel at the bottom of the applet interface. The current mode is always shown in 
the right corner. A) “OK” is shown in green as long as there are no problems. B) “Residue collision” is 
shown in red when the user tries to add a monosaccharide on top of an existing monosaccharide. C) 
“Residue out of bounds” is shown in red when the user tries to add a monosaccharide in a direction in 
which the carbohydrate has reached its max length. 

 

    A monosaccharide could be added on top of an existing monosaccharide in the 

applet prototype. It was by that not possible to switch focus between the residues and 

it was not possible to get a picture of what had been created. In the final GUI is 

construction of monosaccharides on top of each other prevented. If the user tries to 

add a monosaccharide in a direction, which is occupied, is the information message 

“Residue collision” shown in red in the bottom right corner (figure 40). No 

monosaccharide is added and the information message is set to “OK” as soon as the 

user performs a valid action.  

    To assist novice users was a web page containing help on the applet interface 

developed. The web page can be reached from the applet web interface by following a 

provided hyperlink represented by a question mark (figure 34). The actions that can 

be performed in the interface are listed in a table on the web page (figure 41). To each 

action is written which command that performs the action and how the action is 

visualized in the interface. 
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Figure 41. A table of actions that can be performed in the applet interface. The table is provided on the 
web page containing help on the applet interface. 

 

7.6 Internal 3D Representation 
Objective 10. Develop an internal 3D representation. 

    To the ChemLib package were five core classes developed to constitute the internal 

3D representation. The classes were called: Monosaccharide, Oligosaccharide, 

Molecule, Atom and GlycoBond. The classes were developed in the programming 

language Java and were supposed do mimic the properties and behaviour of the actual 

objects in nature. In order to not cause confusion classes are written with an initial 

capital while the actual objects in nature are written with lower-case letters, e.g. 

“Monosaccharide” refers to a class while “monosaccharide” refer to the object in 

nature. A simplified UML class diagram in figure 42 visualizes the core classes of 

ChemLib and the associations between them.  
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Figure 42. Simplified UML class diagram of the ChemLib core classes. The classes constitute the 
internal 3D representation. 

 

    The Atom class is used as the internal representation of an atom. In the class is 

information about the element, charge, 3D position and pdb index of one atom stored. 

In the class are also references to all atoms connected to the atom stored. To the Atom 

class methods are added which gives the atom different behaviours such as the ability 

to be moved and connected to other atoms.  

    The Molecule class stores a collection of connected atoms. With the Molecule class 

it is possible to add and remove all atoms or specific atoms. It is also possible to 

perform an action such as moving the position of the entire molecule and all of its 

atoms. A future objective is to add a method that enables easy rotation of the molecule 

in all three dimensions. 

    Monosaccharides and oligosaccharides are specific types of molecules in nature. 

This was taken into consideration when the internal 3D representation was designed. 

In the core classes are the properties and behaviours of the Molecule class inherited 

by the Monosaccharide class. The Monosaccharide class was however extended with 

properties that stored information such as the residue name, which atoms that 

constitutes the ring and if the residue is linked to another residue. 

    The Oligosaccharide class, as the Monosaccharide class, was chosen to inherit the 

properties and behaviours of the Molecule class. In the Oligosaccharide class the 

constituent monosaccharide residues are stored along with information about all 

glycosidic bonds. When a new Monosaccharide is added to an Oligosaccharide a new 

glycosidic bond is formed between the Monosaccharide and a Monosaccharide 

already existing in the Oligosaccharide. A specific class called GlycoBond is 



 

 76 

responsible for the actual creation of the glycosidic bond. It translates the position of 

the newly added monosaccharide so that its O1 oxygen is located in the same position 

as the oxygen of the hydroxyl group attached to the glycosidic carbon on the 

monosaccharide to which the linkage should be formed. The translation is followed 

by the removal of one hydrogen and one oxygen from the second monosaccharide and 

one hydrogen from the first monosaccharide similar to the process in nature (figure 

43). 

 

Figure 43. The process of formation of a glycosidic bond simulated in the internal 3D representation. 
The oxygen of the glycosidic linkage and the atoms that are removed during the creation of the bond 
are indicated by an enclosing circle.When a new monosaccharide is added to an existing complex is it 
translated so that the xyz- coordinates of its free oxygen are the same as those of the oxygen in the 
hydroxyl group attached to the glycosidic carbon on the second monosaccharide. The translation is 
followed by the removal of one hydrogen and one oxygen from the second monosaccharide and one 
hydrogen from the first monosaccharide according to the process in nature. 
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7.7 EIUPAC to Initial Structure 
Objective 11. Set up a small collection of monosaccharide templates.  

Objective 12. Develop an algorithm that interprets 2D user input data and converts it 

into an initial structure. 

    To the ChemLib package was six utility classes developed, in addition to the five 

core classes constituting the internal 3D representation. The main controller, and the 

heart of the package, is the HTTPChemLibServlet class (figure 44). This class is the 

Java servlet that handles communication with both the server and the client. It 

receives user input 2D data from both the applet interface and from the form interface 

as an EIUPAC text string. The EIUPAC string from the applet interface is received by 

a get request and the EIUPAC string from the form interface is received by a post 

request.  

 

Figure 44. Simplified UML class diagram of the ChemLib package. 

 

    In a subsequent step the SugarFactory class is used by the HTTPChemLib class to 

create the initial structure and store it in the internal representation. The SugarFactory 

class is, as the name suggests, a sugar factory (figure 44). With the factory class 

Monosaccharide and Oligosaccharide objects are created. It receives an EIUPAC 

string from the servlet class and parses it from the end to the beginning (Figure 47). 

The reason for the backward interpretation is that it results in a technically easy 
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implementation of the algorithm. The EIUPAC text string could however just as well 

be interpreted from the beginning to the end. During the interpretation information is 

retrieved from the flat-file database according to the EIUPAC string. The database 

contains a small collection of monosaccharide templates stored in pdb format. Each 

template is given a file name that is consistent with the corresponding three-letter 

symbol used in the EIUPAC notation. For example, a glucose residue with anomeric 

configuration α and absolute configuration D is stored in the flat-file database as “a-

D-Glc.pdb”.  

    In figure 47 an illustration is given of the creation of an initial structure by using 

the information contained in the EIUPAC text string and in the template pdb files. 

The interpretation starts by retrieval of the information contained in a pdb file that has 

a file name that corresponds to the last residue name in the EIUPAC string. In the 

example given in figure 47 that is “a-D-Glc”. The pdb file is read by the TextReader 

utility class, which transfers the information to the SweetPDBparser class. The 

SweetPDBparser class converts each row beginning with “ATOM” to an internal 

representation of an atom. The properties of the Atom are set according to the values 

in the corresponding ATOM-row (figure 45). Each Atom is added to an internal 

representation of a molecule.  

Figure 45. A pdb ATOM row. 

 

    When all pdb ATOM-rows have been used to create an Atom object all rows 

beginning with “CONECT” are read (figure 46). The information contained in the 

CONECT-rows is used to create bonds between created Atoms 

Figure 46. A pdb CONECT row and an illustration of the atom connections defined by the row. 

     

    The internal representation of a Molecule is converted into an internal 

representation of a Monosaccharide by the SugarFactory class. The procedure is 

repeated by creating an internal 3D representation of the second from last residue 

ATOM      1  C   UNK     1       1.803  -0.843   0.160 

pdb index Element X  Y  Z   

CONECT    1    2   14    9 1 14 9 

2 
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name in the EIUPAC string. In the example given in figure 47 that is “a-D-Glc”. The 

residues are added to an internal representation of an oligosaccharide and 

concatenated by a glycosidic bond (class GlycoBond) according to the process 

described in section 7.6. The process is iterated until the beginning of the EIUPAC 

string is reached. 

 

Figure 47. Creation of an initial structure according to the 2D data contained in an EIUPAC text string. 
The SugarFactory class in the ChemLib package performs the creation of the initial structure. 
Information contained in pdb files is read and translated to the internal representation of a 
monosaccharide, i.e. the Monosaccharide class. The Monosaccharide objects are concatenated and 
stored in the Oligosaccharide class. Information about each glycosidic bond is contained in the 
GlycoBond class (GB). The work flow of the algorithm is indicated by the numbers 1, 2 and 3 enclosed 
in circles. 

 

    The PDBcreator class and the TextWriter class is used by the HTTPChemLib class 

to write the information contained in the internal representation. When an initial 

structure has been created it is sent to the PDBcreator class. The PDBcreator class 

translates the information contained in the internal representation back to pdb ATOM-

rows and pdb CONECT-rows. These rows are then written to a file of pdb format by 

the TextWriter utility class. In the beginning of the pdb file is also a header added, 

containing information about author and a remark. The remark rows explain that the 

structure is initial and that no energy minimization has been performed. 

 

a-D-Glc-(1-4)- [a-D-Man-(1-6)-]a-D-Man-(1-4)-a-D-Glc 

3DPOPS ChemLib 

Template DB 

a-D-Glc.pdb 
a-D-Man.pdb 

. 

. 

. 

Monosaccharide 2 (M2) Monosaccharide 1 (M1) 

Oligosaccharide 

M1 M2 

GB 
1-4 

1 2 3 
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7.8 Full System Test Cases 
Objective 13. Perform full system test cases 

Objective 14. Perform an evaluation of the test cases. 

    In order to test the 3DPOPS system carbohydrate sequences, to be used as test 

sequences, were collected from the CarbBank database. A representation of each 

monosaccharide was created in both the applet interface and in the form interface and 

sent to the server side software component (3DPOPS ChemLib). The server side 

component created an initial structure according to the entered carbohydrate 

representation and printed it to a file of pdb format. Each test run was evaluated 

according to four criteria (recall section 6.9). The criteria and the results from the 

corresponding evaluation are described in section 7.8.1 - 7.8.4 (each section covers 

one criterion). In section 7.8.5 the evaluations are summarized. 

 

7.8.1 Can Desired Input be Created? 

1. Could a representation of the carbohydrate sequence be created in the applet 

interface and in the form interface? 

    A representation of all every sequence smaller than 8 residues could be created in 

the applet interface. A few large test sequences (8-12 residues) with several nested 

branches could however not be created. Since the applet interface does not allow 

residues to be created on top of each other the addition of one or a few residues on 

nested branches were rejected. Two carbohydrates that could not be created were two 

N-linked oligosaccharides (11 and 10 residues) from mutant yeast. The CarbBank 

entry to these sequences can be found in appendix A and appendix B. In figure 48 an 

illustration is given of the creation of the representation of oligosaccharin, an 

oligosaccharide regulatory molecule from the test set. The CarbBank entry for 

oligosaccharin can be found in appendix C. 
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Figure 48. A representation of oligosaccharin, an oligosaccharide regulatory molecule, has been 
created in the applet interface. Oligosaccharin is one of the sequences used in the full system test cases. 
The CarbBank entry of oligosaccharin can be found in appendix C. 
 

    A representation of all residues could be created in the form interface. By using the 

drop-down menus in the way that is described on the web page containing help on the 

form interface, a sequence with correct EIUPAC notation could be created for every 

sequence that was linear or had non-nested branches. Creation of input of test 

sequences with nested branches worked well but required that the user changed the 

point of focus by pointing and clicking in the text area directly. 

 

7.8.2 Is the EIUPAC String Correct? 

2. Was a valid EIUPAC string received by 3DPOPS ChemLib? Did the string 

represent the same carbohydrate as the representation in the applet interface?  

    Input data could be sent from the interfaces to the Java servlet in all test runs. The 

EIUPAC text string was printed in a command prompt by the servlet upon recieval. 

Each EIUPAC sequence was analysed and compared with its corresponding graphical 

representation in the applet interface. All EIUPAC sequences were in correct 

EIUPAC notation and they represented the same carbohydrate as both the test 

sequence and the graphical representation in the applet interface. As an example, the 
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graphical representation of oligosaccharin (recall figure 48) was converted to the 

following EIUPAC sequence: 

a-D-Glc-(1-6)-[a-D-Glc-(1-3)-]a-D-Glc-(1-6)-a-D-Glc-(1-6)-[a-D-Glc-
(1-3)-]a-D-Glc-(1-6)-a-D-Glc-(1-6)-[a-D-Glc-(1-3)-]a-D-Glc-(1-6)-a-D-
Glc  

 

7.8.3 Is the PDB File Correct? 

3. Was a file of pdb format written? Does it contain all atoms and do the atoms 

have correct indices? Does it contain information about atom element type, 

atom coordinates and information about atom connections?  

    In all test runs a file of pdb format was written to disk. The ATOM-rows in the 

templates that were used to construct the initial structure were summarized. Since two 

hydrogen and one oxygen should be removed during the formation of a glycosidic 

bond, three atoms were removed from the total sum for each glycosidic bond. The 

resulting sum was compared with the number of ATOM-rows in the pdb file of the 

initial structure. All files contained the right number of atoms and all of them were 

correctly indexed. All ATOM-rows contained a pdb index, atom element type and the 

3D coordinates. A CONECT-row was created for each atom. This row contained 

information about atom connections. All files had the same formatting as the template 

files created by the application Babel. In figure 49 an excerpt from the pdb file of the 

initial structure of oligosaccharin is shown. 

Figure 49. Excerpt from the pdb file of the initial structure of oligosaccharin. The initial structure and 
pdb file is created by 3DPOPS. The CarbBank entry of oligosaccharin is provided in appendix C. 

 

HEADER   Carbohydrate 
AUTHOR   Generated by 3DPOPS Chemlib 1.0 
REMARK   The structure is only initial. No minimization 
REMARK   has been performed. 
ATOM      1  C   UNK     1       1.803  -0.843   0.160 
ATOM      2  C   UNK     1       1.161  -0.633   1.530 
ATOM      3  C   UNK     1      -0.346  -0.827   1.480 
…208 rows deleted in order to save space 
ATOM    211  H   UNK     1     -14.888  22.297  -8.460 
ATOM    212  H   UNK     1     -15.159  25.224  -9.160 
ATOM    213  H   UNK     1     -12.940  24.566  -7.940 
CONECT    1    2   14   10   19 
CONECT    2    1    3    7   22 
CONECT    3    2    4    8   20 
…208 rows deleted in order to save space 
CONECT  211  193 
CONECT  212  194 
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7.8.4 Can the Initial Structure be Viewed? 

4. Can the pdb file be viewed in ChemScape and Swiss PDB viewer? Are the 

residues connected according to user input data?  

    All pdb files could be viewed in the molecular visualization program ChemScape 

and Swiss PDB viewer. The initial structures consisted of the right number of residues 

and all glycosidic bonds were correctly created according to user input data. In figure 

50 two images of the initial 3D structure of oligosaccharin are shown. 

 

Figure 49. Initial structure of oligosaccharin created by 3DPOPS. Images created in Chemscape 
Chime. The CarbBank entry to oligosaccharin is provided in appendix C. Settings in Chemscape: A) 
Display: sticks. B) Display: spacefill. 

 

    Two hydrogen and one oxygen were removed with each glycosidic bond that was 

created, as described in section 7.6. During formation of the glycosidic linkage the 

newly added monosaccharide was moved (recall figure 43). The purpose of this was 

to create correct bond lengths for the glycosidic linkage. To ensure that this process 

was correctly performed by 3DPOPS, the bond lengths in the glycosidic linkage were 

measured with Swiss PDB viewer. The bond lengths between the anomeric carbon 

and the glycosidic oxygen were shown to be the same as the bond length between the 

anomeric carbon and the ring oxygen in the template. The same applied for the 

distance between the second carbon of the glycosidic linkage and the glycosidic 

oxygen, hence the bond lengths were correct. During the formation of a glycosidic 

bond the relative atomic positions in each residue were kept intact and consistent with 

the relative atomic positions in the template file. The initial structures had therefore 

correct bond lengths and bond angles between all atoms in the residues. The bond 

angle in the glycosidic linkage was however not adjusted, i.e. the angle (here called 

“a”) between the atoms C1-O-Cx in the glycosidic linkage. The angle a should be 
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around 114° when optimised. In the initial structures created from the test set the 

angle a had varying values. Angle a together with the torsion angles ϕ, φ and ω will 

in the future be predicted by the rest of the automated 3D prediction system that 

currently is under development by the Nyholm group (figure 51). 

 

Figure 51. Initial structure of lactose created by 3DPOPS. A) The bond angle a in the glycosidic 
lilnkage is not optimized by 3DPOPS. The optimal angle a is normally around 114°. B) The torsion 
angles ϕ, φ and ω are not optimized by 3DPOPS. 
 

7.8.5 Putting It All Together 

    Recall the carbohydrate oligosaccharin. It is a carbohydrate that consists of ten 

monosaccharide residues, it has three non-nested branches, it is one of the 

carbohydrates from the test set, and it has been used as example sequence in section 

7.8.1 – 7.8.4. In the previous sections oligosaccharin has only been used to exemplify 

each of the following steps in the process of creating an initial structure: the GUI 

representation, the EIUPAC sequence, the pdb file and a 3D image of its initial 

structure. In the illustration in figure 52 these steps are put together and the full 

picture is given.  

φ 

C C O 

ϕ 
ω 

ω 
a ≈ 180° 

C1 
C4 O 

A B 
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Figure 52. The creation of an initial structure of oligosaccharin with 3DPOPS. The first step in the 
process is to create a representation of the oligosaccharin sequence in one of the two interfaces to 
3DPOPS. In the process that is illustrated here the main interface to 3DPOPS was used, i.e. the applet 
interface. The graphical representation is converted into a linear text string according to the in-house 
developed notation EIUPAC. The EIUPAC string is sent from the client to 3DPOPS ChemLib residing 
on the web server. The string is parsed and converted into an initial structure by using the information 
contained in 3D templates together with the information contained in the EIUPAC string. The initial 
structure is stored in the internal representation of 3DPOPS ChemLib. The information contained in the 
internal representation is written to a file of pdb format. The pdb file can then viewed in a molecular 
visualization program. The image of the initial structure used in the illustration above was created with 
ChemScape. 
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8 Discussion 

The aim of this project was to develop the software components necessary to make a 

high-throughput 3D prediction system for saccharides available to both local and 

remote users with fundamental knowledge about carbohydrates. In section 8.1 and 8.2 

is a discussion held regarding how well the aims and objectives were achieved. In 

section 8.3 a comparison of 3DPOPS and SWEET is made, in section 8.4 some 

alternative solutions are mentioned and in section 8.5 future lines of work are listed in 

order of significance. 

 

8.1 3DPOPS’ GUI 

The purpose of the applet interface was to enable both local and remote users to enter 

an oligosaccharide as input to a 3D prediction system for saccharides. This was 

accomplished. With the applet interface it was possible to enter linear 

oligosaccharides as well as oligosaccharides with nested branches as input. Anomeric 

and absolute configuration could also be set for each monosaccharide unit in the 

oligosaccharide.  A few larger saccharides with deeply nested branches could 

however not be created since collision of residues in a two-dimensional context 

occurred in the applet interface. If this interface will be used in the future to deal with 

this type of saccharides it needs extended functionality (described in section 8.5). At 

the moment this is however not necessary.  

    Another aim with the project was to take some general principles of interface 

design into consideration during design and implementation. The user interface was 

supposed to be user and task compatible, have low transparency and high 

responsiveness. The target users were both novice and expert users, all with 

fundamental knowledge of carbohydrates. A concept familiar to these users was 

successfully chosen by the simplified stereoprojection. It provides a representation in 

which branches and bond types easily can be created and distinguished. The users can 

change focus by pointing and clicking with the mouse device and thereby enhance 

their speed and performance. By using the stereoprojection the correspondence 

between 2D representation in the GUI and the resulting initial 3D structure was high. 

The initial structures are created with 3D templates of pyranoses and hence the use of 

the 2D stereoprojection results in a natural connection between output and input. The 
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novice user’s need of informative feedback and help messages was met in several 

ways. In addition to the application of a familiar and easily understood graphical 

representation information messages, a help web page and a dynamically updated 

GUI are provided. The help web page gives the user an understanding of the 

commands that can be performed in the user interface and tool-tip texts describes the 

specific function of each component in the interface. A novice (or expert) user cannot 

provide invalid input to the system through the applet interface. The interface is 

dynamically updated so that only valid bonds and actions can be performed. There is 

however one exception that is a drawback with the current implementation. To ensure 

that the user does not create invalid input it is required that all monosaccharide 

residues that can be chosen in the interface has a corresponding template file in the 

flat-file database. Since each residue can have four configurations (α-D, α-L, β-D and 

β-L) the flat-file database has to contain four templates for each monosaccharide type.  

With the current implementation the drop-down menu containing residue names has 

to be updated by editing the source code to the applet GUI. The GUI version thereby 

has to be updated each time a new template is added or deleted in the template 

database. To avoid having to edit and recompile source code the monosaccharide 

residues available in the template database could be written in the HTML file that the 

applet is embedded in. The names would then be used as input parameters to the 

applet upon execution.  This does however require constant update of the web page. 

Another better solution, requiring more work initially, ensures that only those 

templates that are contained by the system are shown to the user in the applet GUI. 

This approach would use a dynamic update of the monosaccharide drop-down menu 

by having a database connection to the applet as described in section 8.5. 

    The overall impression gained during the evaluation of the applet GUI is that its 

concept, design and implementation fulfil the requirements specified in section 3.3. A 

larger evaluation with both novice users and expert users is however needed in order 

to certify this statement. Since the interface initially will be used locally within the 

Nyholm group an evaluation of the interface could be performed in a later stage of the 

development process of the automatized 3D prediction system.  

    Frequent users of 3DPOPS are expected to use the applet interface. The form 

interface is however considered as a complementary solution to the applet interface. It 

enables both local and remote users to enter linear as well as branched saccharides 



 

 88 

independent of their browser version. Anomeric and absolute configuration can be set 

for each monosaccharide that the oligosaccharide constitutes of. The form interface 

has the advantage that an existing EIUPAC string easily can be pasted to the text area 

and sent to the 3D prediction system. There is however no error controls and unlike in 

the applet interface invalid input can be sent to the 3D system.  

    The approach of sending 2D user input data as a linear string turned out well. All 

data necessary for the creation of initial structures are contained in the string. It 

contains residue names, residue connections and it can represent any oligosaccharide 

independent of the number and types of branches. The same server side algorithm 

could interpret the EIUPAC string independent of the sender. An EIUPAC string also 

has the advantage that it easily can be saved and/or converted into the corresponding 

IUPAC or CarbBank notation. There is however a disadvantage with the current 

solution: several different EIUPAC strings can represent the same carbohydrate. That 

is due to the fact that in the current implementation of the applet interface the first 

added chain is considered as the parent chain. An approach more consistent with 

recommendations provided by IUPAC would however be to consider the longest 

chain as the parent. If two chains are of equal lengths the one with lower locants at the 

branch point would be considered as the parent chain. To ensure that the EIUPAC 

string sent by the form interface is consistent with the EIUPAC string sent from the 

applet interface the same rules have to be applied in the form interface. At the 

moment this drawback does however not affect the system even though a change 

could facilitate the future addition of a database (described in section 8.5) to the 3D 

system that is under development.  

 

8.2 3DPOPS ChemLib 

The aim of 3DPOPS ChemLib was to create initial 3D structures according to 2D user 

input data and store them in an internal 3D representation. This was accomplished.  

    The approach of creating the internal 3D representation with Java classes turned out 

well. The object-oriented environment that the Java language provides resulted in a 

natural solution. Each class could be given behaviours and features that mimicked the 

properties of the actual object in nature. The opportunity of using inheritance and 

associations between the classes further increased the correspondence between nature 

and the internal representation. The current structure of the core classes has the 
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advantage that it allows easy extension. For example, the Molecule class could be 

inherited by a class representing molecules that bind to the reducing end of 

monosaccharides, such as methyl groups. The general structure also allows extension 

to the core classes with for example a class called AminoAcid and a class called 

Protein. These could mimic the properties of amino acids and proteins in nature. With 

this extension the internal representation could be used as a starting point for a 

conformational search on proteins. This is however just an example of the possibility 

of extension of the internal 3D representation and not a future objective of the 

Nyholm group. Another advantage with the core classes is that it is easy to retrieve 

needed information. For example, information can be retrieved about a specific 

property of a specific atom or just as well about all properties of an entire 

oligosaccharide. This permits easy extension to ChemLib with classes that reads and 

writes from and to different file formats. In the current implementation are files of 

pdb format formatted by the PDBCreator class and written to file by the TextWriter 

class. By the extension of for example a MOLCreator class and a GLYCANCreator 

class the information contained in the internal representation could just as well be 

written to a file of mol format or to an input file to GLYCAN. This is useful in the 

future integration of the software components of 3DPOPS with the automatized 3D 

prediction system that is under development by the Nyholm group (described in 

section 8.5).  

    The approach of using an EIUPAC string and a flat-file database with templates as 

the basis for formation of an initial structure turned out well. Setting up a small flat-

file database with files in pdb format was easy. Creating a connection between 

ChemLib and the flat-file database was also easy. The files were stored with file 

names consistent with the corresponding EIUPAC name. Since the files in the flat-file 

database are not allowed to have equal file names, redundancy is avoided as long as 

templates are named correctly. A disadvantage with the flat-file database approach is 

that the possibilities of extended functionality to the database are limited. A possible 

addition to the database is to add structures calculated by the future 3D prediction 

system (described in section 8.5). Data, related to each structure and template, could 

be added. More complex query and more structured storage would be needed and 

therefore also a database technology that better supports complex query. The 

templates were read and converted into the internal 3D representation according to the 

2D user input data contained in the EIUPAC string. All necessary information is 
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contained in the EIUPAC string and it can easily be parsed as long as the string is in 

correct EIUPAC notation. The current algorithm is however sensitive to errors. A 

missing square bracket or a misspelled monosaccharide name interrupts the algorithm 

and an error message is returned to the user. Designing and implementing an 

algorithm that can correct errors in the linear text string is however difficult. By using 

the main interface to 3DPOPS a correct EIUPAC string is however always created 

and hence the problem is avoided. With the current design and implementation of the 

parsing algorithm it is however needed that the users of the secondary interface, the 

form interface, provide an error free EIUPAC string to the system.  

    All initial structures created from the test set were created according to user input 

data. They contained atomic coordinates and atomic connections that corresponded to 

the information contained in the template files, monosaccharide residues were 

connected according to user input data and atoms were removed during formation of 

the glycosidic bond in a way that mimicked the actual process in nature. Bond lengths 

and bond angles were kept intact in the residues. In the glycosidic bonds the bond 

lengths were adjusted to typical values. The bond angle C1-O-Cx in the glycosidic 

bond is however not adjusted by 3DPOPS. The typical bond angle at this oxygen is 

around 117°. In the initial structures created from the test set the bond angle of the 

glycosidic oxygen had different values. The variation in bond angles resulted from the 

characteristics of each residue and bond type. A future objective is to add 

functionality to 3DPOPS that adjusts this bond angle (described in section 8.5). With 

the current system this angle has to be adjusted by the 3D prediction system, e.g. 

GLYCAN.  

 

8.3 Comparing 3DPOPS and SWEET 

SWEET is currently the only web-based 3D prediction system for saccharides 

available on the Internet. Based on the design and functionality of the interfaces to 

SWEET it appears that the SWEET system is designed mainly for expert users 

although an interface for novice users is provided. The applet interface developed to 

3DPOPS however aims to be user and task compatible with both novice and expert 

users. This section mainly covers a comparison of the SWEET expert interface and 

the main interface to 3DPOPS, the applet interface. The beginners’ interface that is 

provided by SWEET is not taken into consideration. This interface has a too limited 
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use by allowing only linear sequences of maximum six residues constituting of any of 

six different monosaccharides. The section also covers a comparison of EIUPAC and 

LINUCS and the interface technology used by SWEET and 3DPOPS. 

    Information messages and help messages are integrated in the 3DPOPS interface. 

Merely holding the mouse over a component in the interface results in the display of a 

tool-tip (simplicity, section 2.1.2). No help and information messages are provided on 

the SWEET expert interface. The only support provided to novice users consists of a 

help page containing the expert interface with a correctly pretyped input.  

    In the SWEET interface input has to be created by typing in provided text fields. 

This approach requires that the users are highly familiar with the interface concept 

and the notation used in the interface. Another drawback with this approach is that the 

users are expected to know all three-letter symbols representing a monosaccharide. In 

the interface to 3DPOPS the input is created with a graphical representation by using 

provided drop-down menus and an add button (user compatibility, section 2.1.2). The 

graphical representation allows the user to change the focus and point of construction 

easily. By using drop-down menus it is not needed that the user knows all three-letter 

symbols. These symbols are provided in the drop-down menu. A delete and an update 

function provided in the interface to 3DPOPS enhance the speed of the users (task 

compatibility, section 2.1.2).  

    There is no error control or error handling built into the SWEET interface. The user 

can type anything in any text field. If the user makes an error such as misspelling the 

three-letter symbol of a monosaccharide an error message is returned. A user of the 

interface to 3DPOPS cannot provide invalid input to the system (control, section 

2.1.2). The interface is dynamically updated so that only valid bonds and actions can 

be used. This prevents the user from having to redo the created input. 

    Creating input of carbohydrates larger than five residues in the SWEET interface 

can be difficult. It is required that the user carefully plans where to start entering the 

input. If the sequence is branched and the user does not make the right decision then 

input will most likely reach a dead end in the spreadsheet-like interface. In this case 

input cannot be created in any direction and the user has to create its input all over 

again. Since the user can enter input in any direction, independent of bond types, most 

sequences can be entered in SWEET. For example the sequences in appendix A, B 

and C used in the test set to 3DPOPS can be entered in the interface. In 3DPOPS the 
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input is represented graphically. The graphical representation is automatically 

centralized in the drawing area and it is therefore not required that the user plans 

where to enter input in the interface. In this way the user can focus on the task and not 

on the interface (simplicity, section 2.1.2). A few larger saccharides with deeply 

nested branches cannot be created in the 3DPOPS interface since collision of residues 

in a two-dimensional context is prohibited by the interface. 

    Input from the SWEET interface is converted on the SWEET server into a linear 

string according to the LINUCS notation. Input from the interface to 3DPOPS is 

however converted on the client into a linear string according to the EIUPAC 

notation. Performing the conversion of user input to a linear string on the client results 

in better modularity than if the string is converted on the server. In the latter approach 

it is necessary to implement a server side algorithm that is based on the concepts of 

the interface. If the interface is changed or replaced it is required that the algorithm is 

updated or replaced. With the approach of performing the conversion on the client 

there is less need of replacing and changing functionality on the server side software 

component upon a change or replacement of the interface.  

    The LINUCS and EIUPAC notation are both based on recommendations provided 

by IUPAC. The EIUPAC notation is however more similar to provided 

recommendations from IUPAC than the LINUCS notation. In the LINUCS notation is 

all terms enclosed in square brackets and a new symbol, the curly bracket, is 

introduced to the nomenclature. In the EIUPAC notation new symbols are not 

introduced and consistent with the IUPAC notation only square brackets are used to 

represent branches. In the EIUPAC notation however only residues with more than 

two glycosidic bonds are considered as branch points. An EIUPAC string can easily 

be converted into the corresponding CarbBank notation. The same applies for the 

LINUCS notation even though the conversion is more complex to perform.  

    The SWEET interface consists of an HTML form. A HTML form is static unless a 

server side or client side script provides interactivity and dynamic update. No scripts 

are however used to the SWEET interface. A HTML form is easy to implement and 

can be viewed in most browsers. The 3DPOPS interface consists of a Java applet 

embedded in a web page. With this approach a more sophisticated interface can be 

developed. Applets provide more control over the size, colour and font of the GUI 

controls. Applets also allow tracking of mouse and keyboard events and building 
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custom input components. In the interface to 3DPOPS these capabilities are used to 

provide a dynamically updated GUI. With the applet approach it is however required 

that the user has a Java plugin installed on the computer. More effort is normally 

required to design and implement a Java applet compared to a HTML form.  

 

8.4 Alternative Solutions 

There are other technologies and approaches that could have been used to develop the 

software components of 3DPOPS. For example, a basic HTML form approach could 

have been chosen to the main interface. In order to provide a dynamically updated 

interface and to provide error control, server side and client side scripts could have 

been developed. With this approach it is not required that the user has a Java plugin 

installed. This approach does however not support a dynamically updated graphical 

representation to the same extent as the applet approach. There may also be long 

response times due to the need of constant communication between client and server. 

    To the existing applet solution other approaches could have been chosen. For 

example, Remote Method Invocation (RMI) could have been used for the client-

server communication. RMI allows Java objects running on the same or separate 

computers to communicate with one other via remote method calls. Such method calls 

appear the same as those operating on objects in the same program (Deitel and Deitel, 

1999). With this approach 2D user input data could have been sent as Java objects and 

thereby bypassing the use of an EIUPAC string. Bypassing the EIUPAC string do 

however have disadvantages: input cannot be saved as easily, modularity decreases 

and a future addition of a database does not come with such a natural solution as in 

the current approach (described in section 8.5).     

 

8.5 Future Work 

The Nyholm group is currently developing their system to facilitate high-throughput 

calculation of the favoured conformations of saccharides. The intention is to make 

this system automatic and to deploy it on the web with a suitable graphical user 

interface. The interface has been developed in this project as well as a molecular 

builder of initial carbohydrate structures. There is however more design and 

implementation work to do on the system as will be described in this section. Some 
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work is directly related to the software components developed in this project while 

others are more general future objectives of the Nyholm group. The latter affects both 

3DPOPS and the 3D system. The future works are listed in order of significance: 

1. Add methods to the Molecule class that allows easy rotation in all three 

dimensions. This functionality could be used to set the bond angle of the 

oxygen in the glycosidic bond, i.e. the angle of C1-O-Cx. 

2. Adjust the recursive algorithm that creates the EIUPAC string in the applet. 

With the new implementation the longest chain should be considered as the 

parent chain. If two chains are of equal length the one with lower locant at the 

branch point should be considered as the parent. 

3. Develop and integrate a database for the 3D prediction system that can handle 

more complex query than a flat-file database. In the new database templates 

and predicted 3D structures would be stored along with corresponding 

EIUPAC string. To each template a tag could also be stored that indicates 

whether the template is commonly used or not. This information could be used 

in a dynamic update of the interface upon execution (described in the next 

paragraph). The purpose of storing already predicted 3D structures is to reduce 

the computational time. When a user sends input to the 3D system a query 

would be made to the database prior to calculations. The query is performed 

by 3DPOPS with the EIUPAC string. If the structure already is predicted it 

can be retrieved directly from the database and no conformation search would 

be needed, hence calculation time is reduced. 

4. Add functionality to the applet interface that dynamically updates the 

monosaccharide drop-down menu. When the applet is executed the names of 

all monosaccharides in the previously mentioned database would be 

downloaded to the applet. Only these residue names would then be shown in 

the drop-down menu. Having an option that shows either all residues or only 

those residues that are most commonly used would reduce the list if the 

number of available templates grows large. In the current solution four 

templates are needed for each template in order to ensure that only valid input 

is created. This can however be avoided by allowing only available 

configurations of each residue in the interface. 
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5. Implement fragmentation methods to the SugarFactor class in 3DPOPS 

ChemLib. These methods would split the internal representation of an 

oligosaccharide into all combinatorial fragments of length 2, 3 and 4. These 

fragments would each be used in a program that finds the fragments that 

clashes. This program could be the existing program GLYCAN. With this 

approach a GLYCAN input file would be created for each fragment. In a 

subsequent step 3DPOPS ChemLib would start an execution of GLYCAN 

with each fragment. Instead of GLYCAN 3DPOPS ChemLib could be 

extended with functionality that performs a quick conformation search and 

finds the fragments that clashes. An evaluation is however needed in order to 

choose the most suitable approach. 

6. Extend the applet interface with functionality that permits the creation of large 

saccharides with deeply nested branches. 

7. Extend the future database with one set of templates for each force field. In the 

current 3D system is only the MM3 force field used. A future objective is 

however to extend the system with the option to choose a force field other than 

the MM3 force field, such as the CHARMM or the AMBER force field.  

8. Add functionality to the interface that gives the user the option of saving its 

input as a linear EIUPAC string. 
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9 Conclusions 

The aim of this project was to develop the software components necessary to make a 

high-throughput 3D prediction system for saccharides available to both local and 

remote users with fundamental knowledge about carbohydrates. The software 

components that was to be developed were a WWW-interface that accepts a 2D 

representation of an oligosaccharide as input and an application that creates an initial 

3D structure according to user input data and stores it in an internal 3D representation. 

These software components were successfully designed and implemented during this 

project. The web interface uses a novel approach with a dynamically updated 

graphical representation of the input carbohydrate. The interface is embedded in a 

web page as a Java applet. Both expert and novice users needs are met by informative 

messages, a familiar concept and a dynamically updated GUI in which only valid 

input can be created. A larger evaluation with both expert and novice users is however 

needed in order to certify this statement. The server side application, creating initial 

structures according to user input data, uses the Java servlet technology in a 2-tier 

architecture. It successfully performs communication with the client and supports a 

future extension to a 3-tier system including both database servers and application 

servers. The server side application creates initial 3D structures with atomic 

coordinates and connections according to the oligosaccharide created in the interface. 

These structures all fulfil specified requirements and are ready to be used in a 

conformation search by a 3D prediction system for saccharides. In the implemented 

solution these structures are stored in an internal 3D representation consisting of Java 

classes. The object-oriented environment that the Java language provides resulted in a 

natural solution. Each class was given behaviours and properties that mimicked the 

behaviours and properties of the actual objects in nature. The representation has the 

advantages that it allows further extension, information can easily be retrieved from it 

and it can be integrated with a 3D prediction system for saccharides. 

    The Nyholm group at the University of Göteborg are developing an automatized 

3D prediction system for saccharides. The intention is to integrate the software 

components developed in this project with this system and thereby providing new 

opportunities to students and researchers within the field of structural glycobiology. 
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Appendix A. CarbBank Entry 19829 

CCSD accession number:   CCSD:18700 
Author: 

   Alvarado E; Ballou L; Hernandez LM; Ballou CE 

Title: 

   Localization of à1-3-linked mannoses in the N-linked 
oligosaccharides 

   of Saccharomyces cerevisiae mnn mutants 

Citation: 

   Biochemistry (1990) 29: 2471-2482 

Structure Code (used in citation):   II 

Biological Source / Taxonomy: 

   (GS) Saccharomyces cerevisiae, (CN) yeast, (GT) mnn 

Molecular Type: 

   N-linked glycoprotein 

Submitted by: 

   Doubet S 

Date, update of entry: 

   04-01-1992 

Full complexity index: 

   91a232a6 

Structure Identifier:   CBank:19829 

---------------- 

structure:                               à-D-Manp-(1Ä6)¿ 

                                             | 

                                        à-D-Manp-(1Ä6)¿ 

                                             |        | 

                               à-D-Manp-(1Ä3)Ù        | 

                                                 á-D-Manp-(1Ä4)-D-GlcNAc 

                à-D-Manp-(1Ä2)-à-D-Manp-(1Ä6)¿        | 

                                             |        | 

                                        à-D-Manp-(1Ä3)Ù 

                                             | 

 à-D-Manp-(1Ä3)-à-D-Manp-(1Ä2)-à-D-Manp-(1Ä2)Ù 

================end of record 
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Appendix B. CarbBank Entry 19911 

Author: 

   Alvarado E; Ballou L; Hernandez LM; Ballou CE 

Title: 

   Localization of à1-3-linked mannoses in the N-linked 
oligosaccharides 

   of Saccharomyces cerevisiae mnn mutants 

Citation: 

   Biochemistry (1990) 29: 2471-2482 

Structure Code (used in citation):   X 

Biological Source / Taxonomy: 

   (GS) Saccharomyces cerevisiae, (CN) yeast, (GT) mnn 

Molecular Type: 

   N-linked glycoprotein 

Submitted by: 

   Doubet S 

Date, update of entry: 

   04-01-1992 

Full complexity index: 

   c9f295fc 

Structure Identifier:   CBank:19911 

---------------- 

structure: 

                                            à-D-Manp-(1Ä6)¿ 

                                                 | 

                                            à-D-Manp-(1Ä6)¿ 

                                                 |        | 

                                   à-D-Manp-(1Ä3)Ù        | 

                                                    á-D-Manp-(1Ä4)-D-GlcNAc 

                                   à-D-Manp-(1Ä6)¿        | 

                                                 |        | 

                                            à-D-Manp-(1Ä3)Ù 

                                                 | 

                    à-D-Manp-(1Ä2)-à-D-Manp-(1Ä2)Ù 

                          | 

              à-D-Glcp-(1Ä3) 

                          | 

              à-D-Glcp-(1Ä3) 

                          |   

              à-D-Glcp-(1Ä2) 
 

================end of record  
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Appendix C. CarbBank Entry 18547 

CCSD accession number: 

   CCSD:43749 

Author: 

   Albersheim P; Darvill A; Augur C; Cheong JJ; Eberhard S; Hahn MG; 

   Marfa V; Mohnen D; O'Neill MA; Spiro MD; York WS 

Title: 

   Oligosaccharins: Oligosaccharide regulatory molecules 

Citation: 

   Acc Chem Res (1992) 25: 77-83 

Structure Code (used in citation): 

   4 

Submitted by: 

   Westra B 

Date, update of entry: 

   06-12-1995 

Full complexity index: 

   c02f690b 

Structure Identifier: 

   CBank:18547 

---------------- 

structure: 

 

 á-D-Glcp-(1Ä6)¿ 

               | 

          á-D-Glcp-(1Ä6)-á-D-Glcp-(1Ä6)¿ 

               |                       | 

 á-D-Glcp-(1Ä3)Ù                  á-D-Glcp-(1Ä6)-á-D-Glcp-(1Ä6)¿ 

                                       |                       | 

                         á-D-Glcp-(1Ä3)Ù                  á-D-Glcp-(1Ä6)-D-Glc 

                                                               | 

                                                 á-D-Glcp-(1Ä3)Ù 

================end of record 


