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Bioinformatics of Green Fluorescent Protein 

 

 
 
 

This bioinformatics tutorial explores the relationship between gene sequence, protein structure, and 
biological function in the context of the green fluorescent protein (GFP). In this tutorial you will: 

• find protein structures using search tools on the RCSB PDB website; 
• use molecular visualization tools to explore the GFP structure and function; 
• find the GFP gene and view important mutations. 

 
The PDB archive is the primary repository of experimentally-determined structures of proteins, nucleic 
acids, and complex assemblies. As a member of the wwPDB, the RCSB PDBa curates and annotates 
structural data from researchers around the world. The RCSB PDB also provides a variety of tools and 
resources for searching, visualizing, downloading, and analyzing biomolecular structures. 
 

Please send any comments or questions about this tutorial to info@rcsb.org. 
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Part I. Finding and Exploring the 3D Structure of Green Fluorescent Protein 
 
In this first part, we will find a structure of green fluorescent protein in the RCSB PDB, then use several 
tools to explore its structure and function. 
 
Task 1: Find structures of green fluorescent protein at the RCSB PDB website. 

 
1.  Go to the RCSB PDB website at  http://www.rcsb.org 
2. Perform a “PDB ID or keyword” search by typing the keyword “green fluorescent protein” in the 

text box on the search bar at the top of the first page:   
 

 

 
 
3. Click the Go button. 
4. The result page will contain a list of proteins related to GFP.   
 

You can explore all of these different structures by clicking on different examples, creating reports, or 
generating an image collage. 

 
Example image collage for some of the structures found when searching for green fluorescent protein. 
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For this exercise, we will use a protein that was taken from the jellyfish Aequorea victoria with PDB ID 
1ema1.  You can easily find this protein by entering the PDB ID 1ema in the search bar at the top of the 
page and clicking ’Go’.  This will take you to the Structure Summary page for 1ema. 
 

 

 
 
 

Task 2: Basic protein visualization using Protein Workshop 
 
Now let’s take a look at the GFP structure in close detail. 
 
1. You should still be on the Structure Summary Page for entry 1emaIf you are not, simply enter the 

PDB ID, “1ema” into the top query bar and click the Search button. 
2. On the right side of the Structure Summary page, you will see a box containing an image and links to 

3-D molecular viewers such as Jmol, Protein Workshop etc. 
3. Under the image click on the link that says Protein Workshop 
4. This will download the viewer.  In the process of doing this it will ask you if you want to trust this 

application.  This is part of the Java security mechanisms; you simply accept/trust each one and 
click run when prompted. 

 
Once the structure is loaded you should see something that looks like the following:  
 

 
 
                                                
1 Crystal structure of the Aequorea victoria green fluorescent protein. Ormo, M.,  Cubitt, A.B.,  Kallio, K.,  Gross, L.A.,  
Tsien, R.Y.,  Remington, S.J. (1996) Science 273: 1392-1395 
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The viewer is to the left and the control panels are to the right.  If you click and drag the mouse in the 
viewer you will see the structure rotate. You can also zoom the structure by clicking the middle button 
and dragging (or, shift+click with a one-button mouse), and translate the structure using the right button 
(or ctrl+click with a one-button mouse). Take a minute to get familiar with these controls. 
 
Protein Workshop automatically displays a ribbon representation of the protein structure.  This 
representation represents the polypeptide chain of the protein, but uses flat arrows to show beta strands 
and curly ribbons to show alpha helices. The chain is also colored in rainbow colors from red to blue 
from one end of the chain to the other, so you can follow the chain as it folds into this complex structure. 
 
You can learn more about Green Fluorescent Protein in the Molecule of the Month feature on GFP at: 
http://www.rcsb.org/pdb/101/motm.do?momID=42.  You can get to this from the 1ema Structure 
Summary Page by selecting the “Green Fluorescent Protein (GFP)” link in the ‘Molecule of the Month’ 
Box at the bottom right of the page. 
 
If you want to try building your own model of GFP, there is a paper cut-out form at: 
http://www.rcsb.org/pdb/101/static101.do?p=education_discussion/educational_resources/GFP_activity.
html. Or, from the RCSB PDB home page, select the PDB-101 icon at the top left and select the 
‘Educational Resources tab and then ‘Activities/Lessons’ from the menu on the left. Scroll down to 
‘Bioinformatics of Green Fluorescent Protein’ and select ‘Paper Model’. 
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Task 3: Different ways of looking at GFP in Protein Workshop 
The control panel of Protein Workshop is designed for quick and simple editing in a four-step process.  
Notice the boxes numbered 1-4 on the Tools panel.  These are to help you go through the steps of using 
this tool.  Other panels provide advanced options, described in more detail below. 
 
Panels 1-3 change when the Tools, Shortcuts, or Options buttons are selected: 
 

Tools Menu Shortcuts Menu Options Menu 

   
 
To switch to a view that shows all atoms, you need to go through several steps. First, in the Control 
Panel under the Tools menu, turn off the ribbon representation, by performing one action in each of the 
four boxes:  
 
1. Click on the Visibility Button 
2. Select Ribbons 
3. (No options in the Visibility Tool.) 
4. Click on 1ema (the PDB ID) in the bottom tree viewer. 
 
At this point the viewer should be blank, because you have essentially chosen to toggle OFF the ribbon 
representation.  If you click on 1ema again, you can toggle the ribbon back ON.  With the ribbon OFF, 
display atoms using a ball-and-stick representation: 
 
1. Click on the Visibility Button 
2. Select Atoms and Bonds this time. 
3. (No options in the Visibility Tool.) 
4. Click on 1ema (the PDB ID) in the bottom tree viewer. 
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You should see the following:  
 

 

 
Each sphere represents an atom, and the 
lines between these atoms represent 
covalent bonds.   
 
Carbon atoms are green 
Nitrogen atoms are blue 
Oxygen atoms are red 
Sulfur atoms are yellow 
 
 

 
To get a better look at the protein structure with all atoms and bonds shown, zoom into the protein. 
Hold the shift key, and click and drag the mouse downward.  
 
As you can see, this representation shows a lot of information that makes it difficult to find specific 
structural features with all atoms shown.  Features that you might be able to identify include: 
• yellow sulfur atoms in cysteine and methionine 
• single oxygen atoms in red are water molecules 
• the chromophore is difficult to spot with this representation—look for a five-membered ring 

connected to a six-membered ring, buried in the middle of the protein. The next exercise will 
show you an easy way to find the chromophore. 

 
To return to the default view of the structure, we’ll follow our steps in reverse. 
 
1. Click on 1ema in the bottom tree viewer.  This will make the molecule disappear. 
2. Select on “Ribbons” in box #2. 
3. Click on 1ema in the bottom tree viewer.  This will make the molecule appear, but now in ribbon 

representation. You can zoom the image to show the whole protein by pressing the shift key and 
dragging the mouse up. 
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Task 4: Exploring the chromophore with a combination of ribbon view with atom view 
 

Often, we want to explore some parts of the protein in atomic detail (such as the chromophore in GFP), 
but use a simple ribbon representation for the rest of the protein. 
  
1. Still in Protein Workshop, select the Visibility tool 
2. Select Atoms and Bonds for what you want the tool to affect – This means that when we select the 
chromophore, it will appear as atoms bonds. 
3. (No options in the Visibility Tool) 
4. In box 4, open up Chain A.  Scroll down and select the position of the chromophore – CRO 66.  
Selecting and deselecting will cause the chromophore to appear (in atom representation) and disappear.  
You can rotate the structure to see how this piece fits in the overall shape of the protein. 
 

  
Here, the chromopore is not shown Here, it is shown in atoms and bonds 
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Task 5: Visualize hydrogen bonds in proteins 
The secondary structures of proteins, like the beta sheets seen in GFP, are stabilized by hydrogen bonds. 
The most important hydrogen bonds in proteins are formed between N-H hydrogen atom and the C=O 
oxygen atom in the protein backbone—these hydrogen bonds link different portions of the chain and 
stabilize the folded structure. However, it can be tricky to see these bonds using many of the structures 
in the PDB because crystallographic structures typically do not include the hydrogen atoms. Instead, we 
often draw the hydrogen bond between the nitrogen atom in the N-H group (which is included in the 
PDB file) and the oxygen atom of the C=O group. 

 
Protein Workshop does not display hydrogen bonds, so we’ll look at hydrogen bonds in GFP using 
JMol. 

1. Go again to the Structure Summary page browser page for PDB entry 1ema. 
2. Underneath the image on the right, select “3D View” to launch the JMol viewer. Select “Allow” to run 

the Java program. 
3. Commands can be typed in 
the’Scripting Options’ section 
(to see the text box, you will 
have to expand it by clicking 
the title) beneath the image 
viewer to change the 
representation of the molecule.  

 
4. To show the hydrogen bonds 
in the protein backbone: 
 
a) Type select protein in the 
‘Input’ box, and select the 
‘Submit’ button. 
 
b) Type cartoon off and select 
the ’Submit’ button. 
 
c) Enter select backbone and 
select the ’Submit’ button. 
  
d) Enter wireframe 100 and 
select the ’Submit’ button. 
 
 
e) Enter calculate hbonds and 
select the ‘Submit’ button. 
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You can rotate the GFP to see all of the hydrogen bonds. 
 
 
Additional Activity: Hydrogen bonds are also important for stabilizing alpha helices. Try using 
Jmol to look at the hydrogen bonds in the hemoglobin structure with PDB ID 4hhb2. 

 
  

                                                
2 The crystal structure of human deoxyhaemoglobin at 1.74 A resolution.  Fermi, G.,  Perutz, M.F.,  Shaanan, B.,  Fourme, R. 
(1984) J.Mol.Biol. 175: 159-174  
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Part II. Gene and Protein Sequences of Green Fluorescent Protein 
 
In this second part, we will use several online resources to find the sequence of the gene for green 
fluorescent protein, translate this into a protein sequence, and use this sequence to find mutant forms of 
the protein with altered function. 
 
Task 1: Find the DNA sequence for the GFP gene in UniProtKB 
 
The UniProtKBb database is a resource that organizes and annotates protein sequences.  This database 
contains important information for researchers to study the relationship between protein sequence and 
protein function.  There are two kinds of annotations available from this database.  One, where staff 
scientists annotate the sequences manually based on published literature, while the other is an automated 
process using sophisticated software tools.  It is generally accepted that the manually annotated entries 
have more reliable information, so we will use the human-annotated sequences from a section of the 
UniProtKB, called Swiss-Protc. 
 
1. Point your web browser to the following URL: http://ca.expasy.org/  
2. In the top pulldown list select UniProtKB and enter the text “Green fluorescent protein” in the 

adjacent box. 
 

 
 
3. Click on the Go button. 
You should see a result much like the following:  

 

 
 

4. Refine this search by first clicking on the reviewed entries. Then refine the search by restricting the 
term ‘green’  to protein name.  Of the results in the UniProtKB/Swiss-Prot click on the one titled 
GFP_AEQVI(P42212) 
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You should now see the summary page for GFP.   

 
 

 
Shortcut:  To jump to this page enter the accession id 
 “P42212” into the search window on the site http://ca.expasy.org. Click the Go button.  

 
Let’s take a look at the gene sequence. 
 
5. At the top of the page, click on the option titled Cross-references  

 
 

 6. Click on the radio button next to the Genbank  option under “Sequence databases”  

 
 

7. Click on the mRNA link on the top line.  This will retrieve the Genbank  entry for this molecule. 
8. On the resulting page, scroll down to the bottom.  This is the mRNA gene sequence that encodes the 
protein sequence of GFP. This sequence represents the entire genomic sequence for the gene, including 
the 5’ untranslated region (UTR), introns and 3’UTR. The sequence represents the pre-mRNA before 
splicing and translation. Thus, it turns out that there is more information here than we need.  Only parts 
of this sequence are used for the protein.  Let’s simplify this by looking at only these coding regions. 

 
 
 
 
 
 

 
Shortcut:  To jump to this page, go to the NCBI website: http://www.ncbi.nlm.nih.gov/ 
and select the Nucleotide database in the search pulldown menu.  Enter the text M62654 
and click the Go button. 
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9. Click on the link labeled mRNA under the FEATURES category.   This sequence corresponds to the 
mature mRNA that serves as template for translation (includes 5’ and 3’ UTRs).  The mRNA differs from 
the CDS (CoDing Sequence) in that the CDS sequence only contains the region of the mRNA defined by 
the start and stop codons, therefore coding sequences begin with an "ATG" and end with a stop codon. 

 

 
 

10. Scroll to the bottom of the page.  This is the entire DNA sequence that translates into our protein 
GFP. 
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Task 2: Translation of the DNA sequence to the protein sequence   
Now that we have the DNA sequence, translate it back to the protein sequence using the translate tool 
provided on the ExPASy website.  The first thing we need to do is copy the DNA sequence to your 
computer clipboard.  We will then paste this into the tool.   
 
1. Scroll to the top of the sequence page and locate the menu option called Format.  Select the FASTA 
format option. 
 

 
In the resulting page select everything except the first line.  In other words we just want to select the 
actual sequence.  (The FASTA format always has a comment line on the top line and all subsequent 
lines are the sequence). 
 

 
 
2. Copy this to your computer clipboard using Edit->Copy from the Browser menu or for Mac users:  
‘Apple’ + ‘c’, and  for PC users: ‘ctrl’ + ‘c’ 
 
3. Point your web browser to the Translate tool: http://www.expasy.org/tools/dna.html 
 
4. Click in the text window and paste your sequence using Edit->Paste from the Browser menu or for 
Mac users: ‘Apple’ + ‘v’, and for PC users:  ‘ctrl’ + ‘v’ 
 
Your browser should look like the following:  
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Warning: Notice that the first line starts with “GATAAC…”.   If your first 
line starts with “>gi|1555662… “, you forgot to take out the comment line 
of the FASTA format.  You only want to copy and paste the sequence. 
 

 
 
5. At the bottom of the page, change the Output format choice to “Includes Nucleotide Sequence” 
6. Now click on the Translate Sequence button. 
 
The results will show six different sequences that each represent the different reading frames of DNA 
(three in one direction and three in the other).  Only one of theses frames is the correct one used to 
translate the protein.  Typically, the correct reading frame is the longest, uninterrupted (i.e. no internal 
stop codons) translation.  
 
Notice that the 5’ 3’ Frame 2 appears to generate the best translation. 
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This shows how the protein is translated.  Each line contains the DNA sequence and highlights the three-
letter codon along with the corresponding amino acid.  If we look at the sequences labeled 5’3’ Frame 2 
we will see that ‘g’ is not used, ‘ata’ translates to ‘I’, ‘aca translates to ‘T’, aag translates to ‘K’ and ‘atg’ 
translates to ‘M’. 
 
The start codon is AUG (or in the DNA case it is ATG).  This means that the process of translation, 
where the mRNA sequence is converted into a protein sequence, requires this three-letter code in order 
to start.  This start codon occurs pretty early in our sequence (11th from the beginning), so this is 
probably a good result.   
 
7. Click the link titled 5’3’ Frame 2. 
 
The result page highlights the Methionine residues, or the starting point of the protein sequence.  This 
corresponds to the ATG discussed previously.   
 
Click the first ‘M’ in the sequence. 
 
The resulting page will have a sequence that looks a lot like the protein sequence we started with.  How 
can we tell if this sequence is the same as the one we had before? 
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Task 3: Find proteins with similar sequences at the PDB 
 
From the result page in the translation tool click the link that says Fasta format (highlighted in blue 
letters).  You should get the following result:  
 
>virt|VIRT14468|VIRT_14468 Translation of nucleotide sequence generated on 
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL 
VTTFSYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFYKDDGNYKSRAEVKFEGDTLV 
NRIELKGIDFKEDGNILGHKMEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLAD 
HYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMILLEFVTAAGITHGMDELYK 
 
Now let’s use this protein sequence and compare it with sequences in the PDB.  If we find sequences 
that are the same, it means that a researcher somewhere in the world solved the 3D structure of this 
protein.     
 
1. Copy the sequence (remembering not to copy the first line) 
2. Go to the RCSB PDB website:  www.rcsb.org 
3. Below the search bar, select the Advanced Search link  
 
 
 

 
(You can also get to the Advanced Search  from the Search menu at the top of the page.) 
4. In the advanced search window click on the Choose a Query Type and select the option labeled, 
Sequence (Blast/Fasta)  

 
 

  
This will cause the user interface to change to allow you to enter parameters for perform this search.  
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5. Click inside the box titled Sequence and paste your sequence from the translation tool.  It should look 
like the following:  

 
 

 
 
6. Now click on the Submit Query button on the bottom right corner. 
 
The results page will have a list of proteins in the PDB that closely match the sequence you entered.  
You can see the similarity by looking at the sequence alignment viewer for each structure: 
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You will need to select ‘Display Full Alignment’ in the ‘Alignment’ section of the entry to see this view. 
You can also select ‘Display for All Results’ to see this view for all resulting entries. 
 
As you can see, there are many structures in the PDB that contain similar sequences.  These include 
proteins that are very similar to GFP and mutant forms. 
 
Look at the entry for 1hcj3. Scroll through the sequence alignment and notice that only five amino acids 
in the entire sequence that are different (highlighted in orange). Also notice that these changes are 
conservative—the amino acids in the two forms are similar, such as a change from hydrophobic 
isoleucine to hydrophobic valine. This makes sense since entry 1hcj is a variant of GFP with the same 
properties as the GFP used for the DNA sequence. 
 
Now browse down the list until you find 1bfp4(it is probably on the second page of entries). This is a 
mutant form created by researchers, which changes the color of fluorescence to blue. Notice, however, 
that it only takes a few small mutations to do this. In the next task, we’ll look at these mutations.

                                                
3 Structural analyses of DNA recognition by the AML1/Runx-1 Runt domain and its allosteric control by CBFbeta. Tahirov, 
T.H.,  Inoue-Bungo, T.,  Morii, H.,  Fujikawa, A.,  Sasaki, M.,  Kimura, K.,  Shiina, M.,  Sato, K.,  Kumasaka, T., 
Yamamoto, M.,  Ishii, S.,  Ogata, K. (2001) Cell(Cambridge,Mass.) 104: 755 
4 Crystal structure and photodynamic behavior of the blue emission variant Y66H/Y145F of green fluorescent protein. 
Wachter, R.M.,  King, B.A.,  Heim, R.,  Kallio, K.,  Tsien, R.Y.,  Boxer, S.G.,  Remington, S.J. (1997) Biochemistry 36: 
9759-9765 
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Task	  4:	  Visualize	  genetic	  mutations	  in	  3D	  
The following table shows the point mutations that are necessary for the different colors of green 
fluorescent protein: 
 

Green Fluorescent  No mutation 
Yellow Fluorescent  S65G, S72A, T203F 
Cyan Fluorescent  Y66W 
Blue Fluorescent  Y66H, Y145F 

 
where “S65G” is a shorthand notation that says that position 65 on the protein sequence was changed 
from serine to glycine, etc. 
 
1. In the structural alignment for entry 1bf3 (found in task 3), find the mutations Y66H and Y145F. 
 
To visualize the point mutations for the blue fluorescent protein found in task 3, we can use Protein 
Workshop: 
 
2. Click on the image or the title for entry 1bfp 
3. Click on the link: Protein Workshop located under the structure image. 
4. On the control panel on the right follow the 1-2-3-4 step process as described earlier for 1ema: 

Select Visibility 
Select Atoms and Bonds 
Select the amino acid labeled 145 PHE 

5. If you do a similar thing for 66 HIS, you’ll see that it is already turned on. Toggle it on and off by 
clicking on the label, and notice that it is part of the chromophore. 
 
You should see something like the following in the viewer: 

                    
 
Notice that the modified amino acid, phenylalanine 145, is close to the chromophore.  
 
You can learn more about proteins that are like Green Fluorescent Protein at: 
http://www.rcsb.org/pdb/101/motm.do?momID=174 
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Appendix I 
 
Letter codes for amino acids in a protein chain:  
 
A  Alanine  Ala  
C  Cysteine  Cys 
D  Aspartic Acid Asp 
E  Glutamic Acid Glu 
F  Phenylalanine Phe 
G  Glycine  Gly    
H  Histidine  His 
I  Isoleucine  Ile 
K  Lysine   Lys 
L  Leucine  Leu  
M  Methionine  Met  
N  Asparagine  Asn 
P  Proline  Pro 
Q  Glutamine  Gln 
R  Arginine  Arg 
S  Serine   Ser 
T  Threonine  Thr 
V  Valine   Val 
W  Tryptophan  Trp  
Y  Tyrosine  Tyr 
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