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Module 6:  Enzymatic 
Function 

Objective 
The objectives of this module are:  
1. To document the pathway or process in which the protein coded by the gene you are annotating 

functions. 
2. To determine if an Enzyme Commission (EC) number should be assigned to the protein encoded by 

your gene, or, if one has already been assigned, to confirm that it is correct. 

Materials 
To perform this activity you will need: 
• Access to the internet on a computer equipped with the most recent version of Firefox (preferred), 

Chrome or Safari. 
• To have completed the sign up for GENI-ACT described in the Signing Up for GENI-ACT section of 

the manual. 

Background 
KEGG 
KEGG (Kyoto Encyclopedia of Genes and Genomes) is an extremely diverse database of genomic 
information, contained in a number of sub-databases, including KEGG Pathways and Modules. These seek 
to define enzymatic pathways, subcellular structures, and a number of other modular or sequential functions 
and processes in terms of maps that visualize the pathway or module and the genes involved in them.  A 
summary of KEGG in terms of its structure and history can be found at 
http://en.wikipedia.org/wiki/KEGG .  Using this database you hope find a graphic describing the process 
or structure in which the protein you are annotating plays a roll. 
MetaCyc 
MetaCyc is a database of experimentally determined metabolic pathways. For each of these pathways, 
MetaCyc provides an abundance of information. MetaCyc can serve as a reference data set for 
computationally predicting the metabolic pathways of organisms from their sequenced genomes. 
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Expasy Enzyme 
The Expasy Enzyme database is a repository of information relative to the nomenclature of enzymes. It is 
primarily based on the recommendations of the Nomenclature Committee of the International Union of 
Biochemistry and Molecular Biology (IUBMB), and it contains the following data for each type of 
characterized enzyme for which an EC (Enzyme Commission) number has been provided: 

• EC number 
• Recommended name 
• Alternative names (if any) 
• Catalytic activity 
• Cofactors (if any) 
• Pointers to the Swiss-Prot protein sequence entries that correspond to the enzyme (if any) 
• Pointers to human disease(s) associated with a deficiency of the enzyme (if any) 

Enzyme Commission (EC) Number 
The Enzyme Commission number (EC number) is a numerical classification scheme for enzymes, based on 
the chemical reactions they catalyze.  More detailed information on EC numbers can be found at 
http://www.chem.qmul.ac.uk/iubmb/enzyme/ .  If your protein is an enzyme, you may already know the EC 
number for it from your previous searches, but if you have not come across the number you will find it in this 
module.  You may be the first to suggest the correct EC number if you are working on a hypothetical protein 
that you have found to have similarity to an enzyme. 

Procedures 
KEGG 
1. Navigate to KEGG at http://www.genome.jp/kegg/pathway.html. 
2. If you know the name of the pathway or structure in which your gene product participates, enter all or 

part of that name in the search box under "Pathway Entries and Pathway Modules" and click "Go."  For 
the example we will use here, Ksed_00020, the gene product name is DNA polymerase III, beta subunit 
(as determined from the gene information page for this gene).  One might deduce from this name that 
this protein functions in DNA replication.  Figure 6.1 shows the KEGG start page with DNA 
replication entered in the search window.  Hitting go after entering this term will result in in a page 
similar to Figure 6.2. 
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3. On the resulting page, all pathways, structures or pathway linked to the search terms chosen are listed 

(Figure 6.2).  
4. Click on the hyperlink to see the Pathway page for that pathway Figure 6.3).  

Figure 6.2.  The 
results of the 
KEGG t search for 
DNA Replication.  
Note the pathway 
hit is DNA 
replication.  
Clicking on the 
hyperlink (Arrow), 
reveals the full 
description of the 
KEGG process, as 
shown in Figure 
6.3. 

Figure 6.1.  The 
KEGG start page, 
with DNA 
replication entered 
into the search box.  
The arrow points to 
the pull down menu 
to get to KEGG2, 
which is referred to 
later in this section. 
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5. Click on the pathway map link to view the map graphic (Figure 6.4). 
6. The online instructions for this module ask you to simply record the pathway identification number and 

the reference pathway image in your notebook, but KEGG can offer much more information to help you 
with your annotation.  

7. If you click on the reference pathway pull down menu at the top of the page you will see an image similar 
to that in figure 6.5, in which organisms having the genes in the pathway, process or structure are listed, 
but without any seeming order. 
 

Figure 6.3.  The KEGG 
Pathway Page for DNA 
Replication.  See text for 
explanation. 
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Figure 6.5.  The Reference Pathway pull down menu showing some of the species having 
genes in the DNA replication pathway as well as options to customize the menu, one of 
which is the Sort Below By Alphabet option discussed in the text. 
 

Figure 6.4.  The reference pathway page for DNA replication (map 03030).  The beta subunits of 
the DNA polymerase III holoenzyme (the name we suspect Ksed_00020 should have) are indicated 
by the arrows. This image shows a process rather than a true metabolic pathway, and not all 
organisms will have every gene product shown in a KEGG map for every pathway, process or 
structure.  If the gene you are annotating is an enzyme in a multistep pathway, you will see a map 
showing all enzymes involved in the process and the products of each step. 
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8. Click on the “sort below by alphabet” option and click on the go button as shown in figure 6.6.  Now 
when you pull down the menu all of the organisms will be listed in alphabetical order by genus name. 

 
9. Scroll down until you come to Kytococcus sedentarius in the list and select it…and then hit the go 

button a second time.  You will now see a variation of the reference pathway image in which some of the 
items in the reference pathway are highlighted with color (Figure 6.7) 

Figure 6.6.  A portion of the KEGG pathway map with the Sort below by alphabet menu item 
selected.  Hitting the Go button next to the selection will alphabetize the list of organisms.  
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10. Save the graphic by Snipping (PC) or Grab (Mac), and upload it to the Lab Notebook. 
 
 
 
 
 
 
 
 
 

Figure 6.7.  The Kytococcus sedentarius variation of the DNA Replication map.  The gene boxes 
highlighted in green have been called in Kytococcus by the automated gene caller.  One of the 
highlighted boxes indicated by the arrow is the beta subunit of DNA polymerase III.  It is a hyperlink, 
and when clicked will take you to a KEGG version of a gene information page as shown in Figure 6.8. 
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11. If you click on the b highlighted symbol (arrow in Figure 6.7 above) on the Kytococcus sedentarius 
version of the pathway map you will be taken to a page shown in Figure 6.8 (details in caption). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.8.  The KEGG 
gene information page 
resulting from clicking 
on the b hyperlink in 
figure 6.7.  Of interest in 
this figure is that it 
identifies Ksed_00020 
and provides additional 
information, including 
an E.C. number for the 
enzyme and an 
explanation of what the 
E.C. number means. 
The E.C. number will 
be recorded in a later 
portion of this module. 
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Alternative Approach if Searching KEGG Did Not Yield Useful Results 
In the event you cannot determine the name of the pathway or structure that your gene is involved with 
after following the steps outlined in items 1-11 above, there is an alternative approach you can take. 

1. Click on the Menu button at the top of the KEGG main page (see Figure 6.1 in this section), select 
KEGG2 and enter into the "Search KEGG" box all or part of the gene product name the previous 
modules have indicated belongs to your gene (Figure 6.9). 

 
 
 
 
 
 
 

Figure 6.9.  The KEGG2 search page with the name of Ksed_00020 entered into the search box. 
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2. Click "Go" to search KEGG for that gene product name.  If any of the results there correspond to the 

gene product name you searched, click on the entries one at a time until you come to one with an 
Orthology section listed.  In figure 6.10, the first two hits do not have an orthology section (not shown) 
and the next two hits are RNA polymerases, not DNA polymerase.  However, the 5th result, eco:b3701, 
does have one as shown in Figure 6.11. 

 

 
 
 
 
 
 
 
 
 
 

Figure 6.10.  
The KEGG2 
results page 
for the DNA 
Polymerase 
III, beta 
subunit search.  
The arrow 
points to a link 
to expand the 
results section 
if necessary.  
See text for an 
explanation. 
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3. eco:b3701 has E. coli specific pathway links (similar to the one generated above for Kytococcus 

sedentarius).  No matter the organism you choose, if an orthology link is present, it will take you to links 
to general pathway pages (if one exists).  As shown in Figure 6.11, there are 4 pathways to choose from.  
You would need to click on each one in succession to find the one that most fundamentally explains the 
role of your protein.  In the case of the current example, only the DNA replication link clearly shows the 
DNA polymerase III, beta subunit.  Once you get to the general pathway page you can follow 
instructions as described for a KEGG search beginning at step 4 on page 112. 

 
 
4. If you do not get hits with the full name of your protein, trim the name (i.e., DNA polymerase III for the 

current example) and try again. 
5. Record the pathway number and pathway image in your notebook to complete the module, but also take 

notes in your own notebook for other information you find in this module. 
 
 
 

Figure 6.11.  The 
KEGG page for 
eco:b3701.  This is the 
first relevant hit in the 
search results that has 
an Orthology section.  
Note also that it has E. 
coli specific list of 
pathways as well as an 
E.C. number and 
explanation.  The arrow 
points to the KEGG 
orthology hyperlink.  
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MetaCyc 
1. MetaCyc is a database of experimentally determined metabolic pathways. For each of these pathways, 

MetaCyc provides an abundance of information. Your protein will only participate in one of these 
pathways if it has an enzymatic function.  If you have determined that your protein is NOT an enzyme 
you can skip this module (state that fact in your notebook). 

2. Navigate to MetaCyc at http://metacyc.org  
3. In the search box at the top right of the page, search MetaCyc for all or part of your gene product name 

or, ideally, the EC number if your gene product catalyzes a biochemical reaction. If in the previous 
modules, the EC number of the gene product was indicated by KEGG, or literature research, enter it in 
the search box to see the Reaction page for information about the corresponding biochemical reaction.  
In KEGG above, the E.C. Number for Ksed_00020 was determined to be 2.7.7.7, so this number could 
be used in the search (Figure 6.12).  If you do not have an E.C. number use the name or portions of the 
name you have determined from your work in previous modules.   

4. Figure 6.13 shows the results of searching with the E.C. number. 

Figure 6.12.  The MetaCyc start page with the E.C. number for Ksed_00020 (2.7.7.7) entered into the 
search box. 

Figure 6.13.  
The MetaCyc 
search results for 
E.C.2.7.7.7. The 
link to the 
reaction is 
shown near the 
top of the page 
and the text 
version at the 
bottom of the 
image.  Clicking 
on the text will 
open the 
graphical 
version of the 
reaction (see 
text). 
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5. When you click on the Reactions link, look for the "Pathway" heading near the top of the page. If this 

reaction is a part of a MetaCyc pathway, then one or more of those pathways will be listed in this section. 
Only one reaction will be present if you search by E.C. Number (as is the case for Ksed_00020), but if 
you perform search using a gene name, you may have more than one pathway.  If more than one is 
present in a search results click determine the one that best fits the information you have learned about 
your protein from modules done thus far. 

6. Clicking on the reaction will lead you to the pathway graphic (Figure 6.14).  You should save the 
reaction graphic by using Snip on a PC or Grab on the Mac, and then upload it to the Lab Notebook. 

 

 
 
 

 
 

Figure 6.14.  The 
reaction schematic for 
E.C. 2.7.7.7 
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E.C. Number - ExPASy ENZYME 
 
1. ExPASy ENZYME is a database that contains a great deal of information pertaining to individual 

enzymes. Enzymes are classified by their Enzyme Commission (EC) numbers, where each subsequent 
digit in the number adds greater specificity about the reaction catalyzed by the enzyme (e.g. the four 
digits 2.3.3.8 for ATP citrate synthase indicate that the enzyme is a transferase, an acyltransferase, an acyl 
group converted into alkyl on transfer, and ATP citrate synthase, respectively.). 

 
2. Go to http://enzyme.expasy.org/. The start page appears as in Figure 6.15. 

 

3. If you have an E.C. number (full or partial) from your previous searches you can enter it in the “by EC 
Number boxes).  Figures 6.16 and 6.17 show the search and results pages respectively, using E.C. 2.7.7.7 
as the search term.  

Figure 6.15.  The ExPASy Enzyme Start Page showing the options for initiating searches. 
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4. If you have not yet gotten any hint of an EC number in your previous modules you can also search by 

name or description as well (Figure 6.18).   
 
 
 
 
 
 

Figure 6.16.  Searching ExPASy Enzyme by EC number. 

Figure 6.17.  The ExPASy Enzyme search results when searching by EC number.  Basic information 
is given about the reaction that can facilitate understanding of function. 
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5. Searching for the name “DNA polymerase II, beta subunit” would result in no hits.  In the event that 
searching with the full name of your protein doesn’t give any hits, try trimming the name as had to be 
done for “DNA polymerase II, beta subunit”.  If the name is trimmed to “DNA polymerase”, the results 
shown in Figure 6.19 are obtained.  Results are thus likely to be less specific, and you may need to spend 
some time determining which is the best fit for your protein.  In figure 6.19 the choice of “DNA-directed 
DNA polymerase” would be most appropriate since Ksed_00020 is not an “RNA-directed DNA 
polymerase” or a “DNA-directed RNA polymerase”.  In the event that you cannot determine the best fit 
by EC number and basic description, you can enter the EC numbers in the EC number search box one 
at a time and read the more detailed descriptions that will result before making a decision. 

Figure 6.18.  The ExPASy Enzyme search page using a description or name as the search term (see 
text for why DNA polymerase was used instead of DNA polymerase III, beta subunit). 

Figure 6.18.  
The search 
results using 
DNA 
polymerase as 
the search term 
in ExPASy 
Enzyme.  
Looking at the 
three results. 
The EC of 
2.7.7.7 would be 
selected as the 
best hit, since 
the other two 
involve an RNA 


