
Where in the cell is your protein 
most likely found? 



The major intracellular 
compartments of an animal cell  



Relative Volumes Occupied by the Major 
Intracellular Compartments 

INTRACELLULAR COMPARTMENT PERCENTAGE OF TOTAL 
CELL VOLUME 

Cytosol 54 
Mitochondria 22 

Rough ER cisternae 9 
Smooth ER cisternae plus Golgi 

cisternae 
6 

Nucleus 6 
Peroxisomes 1 
Lysosomes 1 
Endosomes 1 



An electron micrograph  



Sorting sequences 



Some sorting sequences 



How do we figure out where 
proteins are located? 

Ø  Transmembrane Helices Hidden Markov Models 
(TMHMM) 

ü  Does my protein have transmembrane helices? 

Ø  Signal Peptide (SignalP) 
ü  Does my protein have a sequence of amino acids that  

 target it to a particular place in or outside the cell? 

Ø  PSORT-B 
ü  Where is my protein most likely located?  The cytoplasm? The 

membrane?  The periplasm?  The cell wall? The extracellular space? 

Ø  Phobius 
ü Does my protein have transmembrane helices & signal peptides?  Do 

these results agree with TMHMM and SignalP? 



Transmembrane Helices Hidden 
Markov Models (TMHMM) 

•  A Hidden Markov Model is a probabilistic model developed from 
observed sequences of proteins of a known function. 

•  TMHMM is a tool used to predict the presence of transmembrane 
helices in proteins. The results will indicate the segments of the 
protein that lie inside, outside or within the membrane.  



TMHMM Database Search 

Enter “Protein 
Sequence” in 
FASTA format 

“CLICK
” 

**Make sure Javascript is enabled on your computer to read output 



TMHMM result 

Boundaries for 
THM amino acids 

Predicted number of TMHs 
(transmembrane helices) 

Copy/paste this 
information into 
the box in your  
lab notebook 



Interpreting the TMHMM plot 

Residue number X-axis: the amino acid number 

Y-axis: the probability that the amino acid is located within 
the membrane, outside the cell, or in the cytoplasm 

Ex: If probability >0.75, then result is significant.  The 
maximum probability is 1, so the probability that amino 
acids #1-#20 are “inside” is 100%  

Schematic that 
summarizes 
discrete regions 
within the protein; 
not probability. 

Transmembrane 

 

Inside (cytoplasm) 

 

Outside 
(extracellular, 

periplasm) 

The 12 
predicted 

TMHs 

0.75 



cytoplasm 

membrane 

By analyzing the 
probabilities 
shown on the 
plot, you can 
determine where 
segments within 
the protein are 
located.   



Inserting the TMHMM plot into your notebook 

Save image in GIF format 
to your computer and 

insert into Lab Notebook 



SignalP 
•  A Signal Peptide (SignalP) is a series of amino acids in the  
  polypeptide that directs the protein to its proper cellular location 

•  Ex: Single TMH at N-terminus of protein that gets cleaved by 
proteases once inserted into membrane 

Click link found in 
Lab Notebook  

Locating proteins in the cell using TargetP, SignalP, and related tools 
Olof Emanuelsson, Søren Brunak, Gunnar von Heijne, Henrik Nielsen 
Nature Protocols 2, 953-971 (2007). 



SignalP Database Search 

“CLICK
” 

Signal peptide should be 
in N-terminus of your protein; 
No need to scan full length 

Try 
Eukaryotes 

database first 



Signal P (Eukaryote) 

If the probability is >0.50, then the 
results suggest that your gene 
encodes a signal peptide.  Higher 
confidence in probability score if >0.75 

0.75 

What would you conclude 
for this protein? 

- Signal peptide 
  cleaved by 
  proteolytic 
  enzymes  
- N-terminus of  
  signal peptide 
- Hydrophobic 
  Region (TMH) 
- C-terminus of 
  signal peptide 

Possible protease cleavage 
site if probability > 0.75 

0.50 



Prediction of protein sorting 

•  Psort web server: http://psort.nibb.ac.jp/ 
– prediction of protein localization sites in cells 

from their primary amino acid sequence 



Enter “Protein 
Sequence” in 
FASTA format 

“CLICK
” 



Where this 
protein is 
predicted to 
be located in 
the cell 

Enter in your 
Lab Notebook 

Recording results in your Lab Notebook 



Phobius 
•  Graphical output  

•  Combination of transmembrane topology (TMHMM) 
   and signal peptide predictor (SignalP)  

“Click” 



 Copy/paste your 
 amino acid sequence 
 in Fasta format “Click” 



Query Results 

Graphical 
summary 

Text listing predicted 
locations of TMHs, 
intervening loops, 
and signal peptide 



•  Y axis shows 
  probability  

GRAY regions = 
transmembrane helices 

Green lines = 
cytoplasmic regions 

Blue lines = 
non-cytoplasmic regions 

Red lines = 
signal peptides 

Interpreting the Phobius Plot 

•  X axis shows 
  amino acid position 

0.75 



cytoplasm 

membrane 

By analyzing the 
probabilities 
shown on the 
plot, you can 
determine where 
segments within 
the protein are 
located.   


