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Abstract—With the development of improved and cost-effective 
technologies, it is now possible to detect thousands of metabolites 
in biofluids or specific organs, and reliably quantify their 
amounts. Metabolomics focuses on studying the concentrations of 
metabolites in a cell or a tissue. In this paper, we describe a 
prototype web-based metabolomics data analysis system, 
PathCaseMAW (PathCase Metabolomics Analysis Workbench), 
which features (1) A web-accessible metabolic pathway database 
that supports online browsing and querying, and is novel in that 
it includes tissue and subcompartment information for pathways, 
and models transport processes, (2) Tissue-aware visualization 
support for viewing processes, pathways, or groups of pathways 
in PathCaseMAW database, and  (3) An online metabolomics 
data analysis tool, called Automated Consequence Prediction 
Tool, which allows users to upload their own observed/measured 
metabolite level changes, and computationally invalidates or 
M(aybe)-validates those biological mechanisms that produce the 
observed metabolite changes.  

Keywords – metabolomics; biological web databases; metabolic 
networks; metabolism; biochemical pathways; bioinformatics.  

I.  INTRODUCTION  
Metabolomics is the systematic study of the distributions 

(profiles, concentrations) of small-molecular-weight 
substances in cells, tissues and/or whole organisms as 
influenced by multiple factors including genetics, diet, 
lifestyle, and pharmaceutical interventions. The metabolome 
refers to the complete set of small-molecule metabolites in a 
cell or a tissue. Metabolites are ideal for monitoring dynamic 
behavior and cellular mechanisms in a biological system [1], 
as metabolite concentrations are highly sensitive to changes at 
the gene expression [2] level. Hence, metabolome analysis is 
performed in order to take “screenshots” of an organism under 
different conditions for a differential study.  

Metabolomics analysis relies on interpreting the biological 
importances of measured values of (significant numbers of) 
identified chemicals within bio-fluid samples. The ability to 
understand the data in a biochemical context can and does 
yield insights into the mechanisms and biological functions 
involved in any experimental condition. For example, with 
metabolomics analysis, it is possible to understand the defect 
of a target enzyme, receptor, or signaling system through 
biochemical pathways analysis of the precursors and products 
of measured metabolites. In this context, biochemical 
reactions operate as a network of changes rather than a linear 
set of reactions. The biochemical approach to data 
interpretation has the potential to yield highly relevant 
hypotheses that can be directly tested. Another very powerful 
outcome is that such a  technology can make use of more than 
a century’s worth of detailed biochemical experience. When 
metabolomics data is viewed in biochemical context, the 

interpretation is often immediate, likely to be highly relevant 
and - in hindsight- obvious [3]. 

With recent advances in experimental technologies, it is 
now possible to measure large numbers of metabolites in body 
fluids. However, such measurements are only useful to the 
extent that they can be interpreted with projections onto the 
underlying cellular mechanisms described by the biochemical 
networks. Manually going through such networks with the 
goal of deriving consistent conclusions suggested by the 
measurements requires expert knowledge, and is costly in 
terms of the required time and effort. Furthermore, manual 
interpretation efforts usually focus on a limited number of 
commonly used biomarkers, and cannot take advantage of the 
large numbers of available measurements due to the breath 
and complexity of metabolic networks. Thus, computational 
platforms that can help researchers interpret metabolomics 
measurements, and automatically eliminate the unlikely 
hypotheses, are highly desirable and useful.  

This paper describes PathCaseMAW (PathCase 
Metabolomics Analysis Workbench -- available 1  as a 
prototype at this point) which has the following features: 

1. A web accessible metabolic pathways database which (i) 
features biological compartments (i.e., tissue/organ, cell, 
etc) for each pathway, and (ii) models transport processes 
that carry metabolites from bio-fluids to organs and vice 
versa. Currently our database is populated by manually 
collecting and entering major pathways from the literature. 
While there many are web-based metabolic network data 
sources e.g., KEGG [4], Reactome [5], MetaCyc [6],  
PathCase [7], PATIKA [14], etc., all such data sources lack 
location information for individual pathways. And, without 
location information, different parts of the metabolism are 
incorrectly inter-connected.  

2. A tissue-aware visualization framework that can be used to 
visualize processes, pathways, or groups of pathways. 
PathCaseMAW extends the PathCase [7] pathway 
visualization framework, in order to incorporate the tissue 
location information associated with pathways so as to 
create a more accurate view of the relevant biological 
mechanisms. 

3. An Observed Metabolite Analysis (OMA) Tool with a web 
interface for automated prediction of biological 
mechanisms. OMA automatically extracts sets of 
likelihood scenarios which we call hypotheses, via 
“incremental change models” [8, 9] from (i) the latest 
metabolic network knowledge captured in its database, and 
(ii) observed metabolite concentration levels in a given 
bio-fluid data. The tool helps with physiological condition 
                                                           
1 http://dblab.case.edu/PathwaysMetabolomics/Web 

454

Authorized licensed use limited to: Kelvin Smith Library @ CASE. Downloaded on October 28, 2009 at 04:40 from IEEE Xplore.  Restrictions apply. 



465

prediction/analysis, and contains multiple metabolic 
assessment models where, given a set of observations in a 
bio-fluid data, possible scenarios as hypotheses are 
enumerated in either complete or summarized form, and 
ranked based on their likelihood. 

Given a set of observations on metabolite concentration 
level changes, the OMA tool enables researchers to 
automatically invalidate some of the possible hypotheses as 
causes for the observed relative metabolite concentration 
changes. To this end, the OMA tool utilizes the latest 
metabolic network knowledge and rules that capture the causal 
effects of metabolic changes on other selected metabolites and 
on physiological changes. 

The OMA tool of PathCaseMAW also lays the framework 
for a broader goal: Computationally combining the known 
metabolic network and the domain expert knowledge to 
automatically and accurately identify a small set of highly 
probable metabolic mechanisms that may have led to the given 
set of observed metabolite concentration changes. This paper 
describes the software architecture, data model, OMA tool 
capabilities and interfaces, and the performance evaluation of 
the OMA tool of PathCaseMAW. It does not present the key 
concepts and algorithms defining the context of our system; 
for such information, please see [8, 9]. 

This paper is organized as follows. Section 2 provides an 
overview of the system architecture. In Section 3, we present 
the data model. Section 4 describes the features of 
metabolomics analysis workbench. Section 5 presents running 
time performance study results. In Section 6, we discuss the 
related work, and Section 7 concludes. 

II. PATHCASEMAW ARCHITECTURE 
In this section, we present a high level architecture of the 

PathCaseMAW system. Since the PathCaseMAW System is an 
extension of the existing PathCase [7] system, its architecture 
derives from that of the PathCase system. The subsections 
from Figure 1 that are shaded/colored are developed from the 
ground up and/or extended for this system, while the 
uncolored (white) subsections are unmodified from the 
PathCase system. 

 
Figure 1. PathCaseMAW Architecture 

The PathCaseMAW architecture has five distinct subsystems. 

1. Database: This subsystem contains the actual pathways 
information that is collected from literature, and allows for 

efficient querying.  The database adopts the relational 
model, and is hosted on a Microsoft SQLServer 2005 
platform.  

2. The Data Object Library: This subsystem provides a data 
access layer, which manages all data retrieval, creation, 
and update tasks. This library is developed in Microsoft C# 
2005. 

3. Metabolomics Analysis Library: This subsystem contains 
libraries to perform Automated Prediction and also 
includes tools for Data Acquisition and Standalone graph 
visualization. This Library is written in Microsoft C# 2005.  

4. The Web Server: This subsystem includes the PathCaseMAW 
web site and the web services, both of which are written in 
C# and ASP.NET. It generates standard HTML pages and 
XML data.  This allows the site to be accessed by users 
from a standard web browser on any operating system.  

5. Data Presentation: The final subsystem contains the 
components of PathCaseMAW that run on the user’s web 
browser. This includes the basic HTML that renders the 
main site interface to the user, the JavaScript with AJAX 
that makes the site highly responsive to the user, and, 
finally, the graph viewer Java applet used for interactive 
pathway graph, and hypothesis (Closure Tree) 
visualization.  The graph viewer applet makes use of the 
web service subsystem in order to request additional data 
as needed, and to enhance the graph visualization without 
requiring the user to reload the web page. All graph 
manipulations such as zooming in and out, panning, and 
application of different layouts are carried out on the client 
side with no server side requests, which makes the system 
highly scalable. 

III. DATA MODEL 
A metabolic pathway is a series of metabolic reactions 

occurring within an organism. Each reaction in a pathway is a 
biochemical step from specific substrates (input molecules) to 
products (output molecules) that are chemically modified 
substrates. Each step may also use various combinations of 
molecules as cofactors, activators, inhibitors, and regulators, 
and usually involves at least one genetically unique gene 
product that catalyzes the reaction step.  

The PathCaseMAW database is designed to provide a 
standard and consistent means of representing all the relevant 
information about metabolic pathways which then serves as a 
foundation for the tools created to work with this information. 
The database design is based on the PathCase database 
model2, and extends the PathCase model to enable following 
new features 

1. Capturing tissue location information,  

2. Storing rules that capture the causal effects of dietary 
conditions or certain physiological processes on metabolite 
concentrations. The database is modeled around three basic 
entities: molecular entities, processes and pathways. 

3. Representing a set of reactions as a single higher level 
reaction to provide simplified views of metabolism. 

In this section, we describe representations of these entities 
and various other data items that complete the PathCaseMAW 
database. Some of the relations are the same as those in 

                                                           
2 http://nashua.case.edu/PathwaysWeb/DataModel.aspx 
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PathCase, while some have been extended from relations with 
the same name in the PathCase system, and some relations are 
new and have been added specifically for this system. For 
brevity, in the context this paper, we only describe extensions 
that are unique to the PathCaseMAW database. The full database 
contains 48 relations. Complete data model discussion is 
available in [8]. 

Processes: A process is any interaction between molecular 
entities (also called as “reaction”). A process is almost entirely 
defined by its molecular entities and what role they play in 
that interaction. The molecular entities involved in a process 
and the role they play in the process are stored in separate 
relations. In order to allow for the representation of multiple 
reactions to be grouped into a single higher level reaction, a 
parent_process field has been included the PathCaseMAW 
database. This field holds the id of the higher level process 
(e.g., a pathway represented as a single process) to which the 
current process belongs. The is_reaction attribute stores a bit 
value that indicates if the current process is a single leaf level 
process or is a higher level process that abstractly represents 
multiple processes (1=leaf level process, 0=Higher level 
process). Moreover, it is necessary to distinguish a transport 
process from a regular process because special automated 
prediction and visualization rules apply to this class of 
processes. The is_transport attribute stores a bit value that 
indicates whether the current process is a transport process.  

Process Entities: This relation is used to identify the 
molecular entities involved in a process. This relation is 
extended with the new tissue_id field that is used to specify 
the tissue in which the molecular entity must exist to take part 
in the process.  

Tissues: This is a new relation created for this system, and 
stores the biological compartments at different levels of 
compartment hierarchy.  

Pathway links: Pathway links relation stores the 
interconnection points (i.e., links) among pathways in the 
metabolic network. While links between pathways can be 
computationally identified (i.e., by looking for common 
molecular entity and tissue combinations amongst the 
processes in different pathways), the completely 
computational approach sometimes leads to false positives, as 
some pathways selectively work together with certain other 
pathways (e.g., Beta-oxidation and Ketone Synthesis 
pathways). Furthermore, such connections may differ from 
one tissue to another. Hence, linked pathways are explicitly 
and manually identified with connecting molecular entity and 
specific tissue information. Moreover, a flux score which 
indicates the likelihood (probability) of the link is stored in 
this table to allow for hypothesis ranking. 

 Pathway Co-Occurrence:  When constructing the entire 
metabolic network it is not possible or unlikely that the 
reactions of a particular pathway co-occur together with the 
reactions of some other pathway as part of the same valid 
metabolic path in a particular tissue. The Pathway Co-
occurrence relation is newly added, and represents such kind 
of relationships between pathways. This information is mainly 
used in Automated Prediction operations. Each row in the 
table represents a co-occurrence rule. The Id field is an auto 
generated unique identifier for this table. pathway_id_1 and 
pathway_id_2 stores the ids of the pathways and tissue_id 
attribute is used to store the tissue Id over which this rule 
exists. The cooccurrenceLikelihood attribute is used to store 
the numerical value of the likelihood that the reactions of the 
two pathways can occur together in a particular tissue. 

IV. METABOLOMICS ANALYSIS WORKBENCH  
The web interfaces for browsing pathways, processes, 

molecular entities, organisms, and the Built-in queries remain 
the same as in the PathCase System [7], and, hence, are not 
discussed here. 

A. Consequence Prediction Web Interface 
In this section, we introduce the web front-end for the OMA 
tool, and walk through a sample run of “hypotheses” 
generation, where hypotheses are those metabolic pathway 
fragments that are “activated” [8, 9]. Figure 2 shows the main 
screen of the Automated Prediction web front-end. Next, we 
describe specific parts of this interface. 

 
Figure 2. Automated Prediction web front-end 

1) Uploading Observations: 

 
Figure 3. Options for uploading observations 

The user initiates the entire automated prediction process 
by uploading the “fold” changes of metabolites, as observed 
from the bio-fluid samples. We currently allow three ways in 
which observations can be uploaded.  

a. XML File Upload: Users can upload their observations in 
the form of an XML formatted file. Figure 4 shows an 
example of an XML file which contains 2 observations. To 
upload observations, the user first clicks the Browse 
button, and navigates to the location where the 
observations XML file is saved on the user’s computer. 
The user then clicks the “Upload Observations” button to 
upload the observations from the selected XML file. 

 
Figure 4. XML file of sample user observations 

b. Using sample observation set: Users have an option of 
using our sample observations file instead of uploading 
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their own observations. This can be done by clicking the 
“Use Sample Observation” button (Figure 3).  

c. Manually Entering Observations on the Web Form: 
Alternatively, users can manually insert their own 
observations. Figure 5 shows a screenshot illustrating how 
the user manually adds observations.  To assist users, when 
the user attempts to enter a metabolite name, an AJAX 
Autocomplete list is generated with valid metabolite names 
from the database. The user selects the change type and the 
tissue from which the observation was taken using 
dropdown lists. The user then enters the observed fold 
change, and clicks the “Add Observation” button. 

 
Figure 5. Manually entering observations 

When users enter (or upload) observations, they are 
presented with a screen shown in Figure 6, which displays 
several different options that can be used while performing 
Automated Hypotheses generation. Each presented option has 
a default value; however, the user can change these default 
values to customize the automated prediction process. 

 
Figure 6. Consequence prediction screen of the users uploaded observations 

(1) Model to be used: Users have the option of performing 
automated prediction using either level 1 or level 2 models 
[8], which can be selected using a radio button list. 

(2) Levels of Expansion:  Users can control the depth of the 
hypotheses (closure) tree [9] to be generated for the 
purposes of automated prediction.  The depth of the closure 
tree used in a particular automated prediction run 
determines the running time, and also the number of 
hypotheses that are generated. 

(3) Pathways: Users have a choice of generating hypotheses 
based on the entire metabolic network or on a subset of the 
pathways that make up the metabolic network. The 
“Pathways” list box is populated with the names of all the 
pathways currently stored in the database, and users can 
select pathways from this list to be used for automated 
prediction. By default, the entire metabolic network is used 
for hypotheses generation. 

(4) Tissues: Users can “restrict” the metabolic network to be 
used to those reactions in a particular tissue or a subset of 
tissues of interest. The “Tissues” list box is populated with 
the names of all the tissues for which reactions exist in our 
database. The user can use this list box to select one or 
more tissues. By default, all tissues are selected. 

Once a user sets up the automated prediction options 
according to her satisfaction, she clicks the “Generate 
Observation Supported Hypotheses button” to initiate the 
Automated Prediction Process. Then, the user is presented 
with two additional collapsible panels which contain the 
generated hypotheses (in tabular form), as well as the 
hypothesis tree visualization. 

2) The Hypotheses Display Panel: 

 
Figure 7. The Hypotheses Display Panel 

The Hypotheses Display panel shown in Figure 7 lists all 
the M(aybe)-Valid Hypotheses that were generated by the 
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automated prediction process. Each hypothesis in the list has 
the following format: E1 E2 E3 E4……En    where Ei represents 
an individual event [9] in the hypothesis. Each event has the 
following format:  

{Metabolite/Process Name]_[Tissue  Name]_[Change symbol] 

The Change symbol can be one of the following: 

↑:  increase in concentration (for metabolites); increase in 
the activity level (for process). 

↓:  decrease in concentration (for metabolites); decrease in 
the activity level (for process). 

 +: the corresponding process is activated. 

 -: the corresponding process is inhibited. 

In addition, each hypothesis is also associated with a 
Coverage, Implication and Pathway Links Score [8, 9]. 
Moreover, users are also allowed to save the generated 
hypotheses onto their own system by clicking on the 
“Download Hypotheses” link. Hypotheses are displayed in a 
“paged” manner, and users can navigate through the pages 
selecting the desired page on the bottom left of this panel. 

3) The Hypotheses (Closure) Tree Display Panel 

 
Figure 8. Hypotheses Tree display panel 

 
Figure 9. Tissue-aware visualization 

The panel shown in Figure 8 displays the generated 
Hypotheses (Closure) Tree [9]. The Closure tree can become 
very large if the user selects a large depth. And, because the 
Java Applet renders the tree on the client’s machine, 

displaying the complete closure tree can be extremely 
demanding on the Client machine. To avoid this, the depth of 
the closure tree is truncated to 10 levels. The closure tree 
depth restriction is placed only for visualization of the closure 
tree and not for the purpose of automated hypotheses 
generation. Users can change the layout of the closure tree 
visualization by using the layout button on the applet. A 
legend is displayed if the user clicks the “Display Legend” 
link. 

4) Tissue-Aware Visualization 

As described briefly in the above sections, PathCaseMAW 
provides a tissue-aware visualization. As an example, Figure 9 
illustrates Cori Cycle pathway, which spans over two tissues 
namely, liver and muscle. 

V. RUNNING TIME PERFORMANCE STUDY 
In this section, we evaluate the running time behavior of 

our metabolomics analysis framework. In particular, we study 
how the length of the hypotheses affects the running time of 
the algorithm, and also the effect of several enhancements that 
we have developed during our implementations. These sets of 
experiments were run on the entire network with glutamate as 
the root of the closure tree with a sample metabolomics data 
set having 34 observations [8]. 

The database is populated by manually entering major 
pathways of aminoacid, lipid, and carbohydrate metabolisms 
from the literature (mostly, from a biochemistry textbook [11] 
and an atlas of human metabolism [12]. Currently, our 
database contains a total of 50 pathways in 9 tissues, 241 
reactions, and 205 metabolites. Please see Table 1 for statistics 
about the current database content. 

Table 1. Database Content 
Amino Acid 
Metabolism 

Carbohydrate 
Metabolism 

Lipid 
Metabolism 

Whole 
Database 

Num. of pathways  28 11 11 50 

Num. of processes  118 68 55 241 

Num. of metabolites 145 52 70 205 

Num. of tissues  5 9 5 9 

Num. of graph nodes 476 426 219 980 

Num. of pathway links 42 31 5 123 

 

 
Figure 10. Hypotheses length vs. runtime 

Observation: Running time of the algorithm progressively 
increases with an increase in the hypotheses length (Figure 
10). However, after a particular length (72 in our case), it 
stabilizes.  

The runtime of the algorithm for a particular closure tree 
depth depends on the size of the closure tree that is generated, 
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and as a consequence on the number of hypotheses (“M-valid” 
and “invalid” [9]) generated. The plateau seen in the runtime 
corresponds to that seen in the number of generated 
hypotheses. 

In order to improve the efficiency of our approach, we 
have developed a simple early termination strategy for closure 
tree generation. Our hypotheses generation approach involves 
two main stages: (a) the hypotheses (closure) tree generation, 
and (b) the identification of observation-supported hypotheses 
[9]. We had initially implemented these two stages 
independently, and run them one after another as separate 
procedures. We call this implementation baseline approach. In 
order to improve the performance, we later modified the 
baseline approach and implemented the “Closure tree 
generation” step and the “Identification of observation 
supported hypotheses” in an interleaved manner. More 
specifically, closure tree generation at each step performs a 
check against the observed events. During the generation of 
the closure tree, when a new event is generated  and added to 
the  tree, we check if it conflicts with any of the observed 
events in addition to checking for duplicates and conflicts on 
its own path to the root of the closure tree. And, if it conflicts 
with any other observed events, the event is marked as 
“conflicting with observed event”, and the expansion along 
that path of the tree is terminated. The motivation here is to 
avoid the generation of hypotheses that will later be pruned in 
the “Identification of observation supported hypotheses” step. 
We refer to this improved version as early termination 
approach. Figure 11 presents the running time for the baseline 
and early termination approaches. 

 
Figure 11.  Baseline vs. Early Termination Approach 

Observation: Early termination approach significantly 
improves the running time.  

The above observation is mainly because of the fact that 
the size of the in-memory tree generated by the early 
termination approach will be considerably smaller than the 
baseline approach.  

VI. RELATED WORK 
Currently, there are many web-based metabolic network 

data sources, e.g., KEGG [4], Reactome [5], MetaCyc [6], 
PATIKA [10], PathCase [7], etc. that contain metabolic 
network information for humans as well as other model 
organisms. PathCase, which is in a way our parent project, 
does not aim to compete with, but to complete, these systems 
by providing an alternative user interface with additional 
capabilities. However, none of the above data sources (with 
perhaps some exceptions for Reactome) contain tissue 
information for pathways, or model transport processes. To 

the best of our knowledge, there is no other web-based tool 
that provides metabolic assessment capabilities. 

VII. CONCLUSION 
Metabolomics measurements provide opportunities for 

non-invasive detection of physiological conditions. However, 
manual analysis of the measurements is time-consuming and 
requires expert knowledge. In this paper, we have described a 
metabolomics analysis workbench called PathCaseMAW which 
provides a web accessible metabolic pathways database with 
location information for each pathway, as well as transport 
processes. Moreover, we have also developed a tissue-aware 
metabolic pathway visualization framework that incorporates 
our stored tissue information for the visualization of pathways, 
processes, and groups of pathways, and thus creates a more 
accurate view of the relevant biological mechanisms.  

Finally we have presented a web-based front-end to our 
metabolic analysis framework, which clinical users can use to 
upload metabolite level changes, as observed from biofluid 
measurements, and use our framework to computationally 
identify a list of mechanisms that produce the observed/ 
measured metabolite changes.  

ACKNOWLEDGEMENTS 
This research is supported in part by the NSF award DBI-

0218061, a grant from the Charles B. Wang Foundation, and 
equipment grants from NSF and Microsoft. 

REFERENCES 
[1] Harrigan, G.G., Goodacre, R. (Eds), Metabolic Profiling: Its Role in 

Biomarker Discovery and Gene Function Analysis, Kluwer Academic 
Plubishers, 2003. 

[2] Kell, DB, and Westerhoff, HV. 1986. Metabolic Control Theory—its 
Role in Microbiology and Biotechnology. FEMS Microbiol. Rev., Vol. 
39, pp.  305-320. 

[3] Milburn, Michael. Metabolomics for Biomarker Discovery:, IPTOnline 
Journal, 12-2006 , page 40. 

[4] Kanehisa M et al. 2006. From genomics to chemical genomics: new 
developments in KEGG. Nucleic Acids Res 34 (Database issue):D354-7. 

[5] Joshi-Tope G et al. 2005. Reactome: a knowledgebase of biological 
pathways. Nucleic Acids Res 33 (Database issue):D428–32. 

[6] Caspi, R et al. 2006. MetaCyc: a multiorganism database of metabolic 
pathways and enzymes. Nucleic Acids Res 34 (Database issue):D511–
16. 

[7] Elliott, B., Kirac, M., Cakmak, A. et al. 2008. PathCase Pathways 
Database System. Bioinformatics 24(21): 2526-2533, November 2008. 

[8]  D'Souza, Arun. PathCaseMAW: A Workbench for Metabolomic Analysis. 
MS Thesis, Case Western Reserve University, EECS - Computer and 
Information Sciences, 2009. Available online at 
http://cakmak.case.edu/TechReports/PathCaseMAW.pdf 

[9] Cakmak, A., Dsouza, A., Hanson, R., Ozsoyoglu, ZM, Ozsoyoglu, G. 
Analyzing Metabolomics Data for Automated Prediction of Underlying 
Biological Mechanisms, 2009 (Technical Report). Available online at 
http://cakmak.case.edu/TechReports/Metabolomics.pdf 

[10] Demir, E., Babur, O., Dogrusöz, U. et al. PATIKA: an integrated visual 
environment for collaborative construction and analysis of cellular 
pathways. Bioinformatics 18(7): 996-1003 (2002). 

[11] Devlin, TM. 2006. Textbook of Biochemistry with Clinical Correlations,  
Sixth Edition. Hoboken, NJ, John Wiley & Sons. 

[12] Salway, JG. 1999. Metabolism at a Glance, 2nd Edition. Blackwell 
Science.  

 

 

459

Authorized licensed use limited to: Kelvin Smith Library @ CASE. Downloaded on October 28, 2009 at 04:40 from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


