
A TRANSFECTION APPROACH FOR
DEFINING SIGNAL SEQUENCES
One way to show that a signal sequence is required 
and sufficient to target a protein to a specific 
intracellular compartment is to create a fusion protein 
in which the signal sequence is attached by genetic 
engineering techniques to a protein that normally 
resides in the cytosol.  After the cDNA encoding this 
protein is transfected into cells, the location of the 
fusion protein is determined by immunostaining or 
by cell fractionation.

By altering the signal sequence using site-directed 
mutagenesis, we can determine which structural 
features are important for its function.
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In this approach, a labeled protein containing a specific signal sequence is 
transported into isolated organelles in vitro.  The labeled protein is usually 
produced by cell-free translation of a purified mRNA encoding the protein; 
radioactive amino acids are used to label the newly synthesized protein so 
that it can be distinguished from the many other proteins that are present 
in the in vitro translation system.  

Three methods are commonly used to test if the labeled protein has been 
translocated into the organelle:

By exploiting such in vitro assays, one can determine what components
(proteins, ATP, GTP, etc.) are required for the translocation process. 

A BIOCHEMICAL APPROACH FOR STUDYING THE
MECHANISM OF PROTEIN TRANSLOCATION
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Yeast cells with mutations in genes that encode components of the 
translocation machinery have been useful for studying protein 
translocation. Because mutant cells that cannot translocate any proteins 
across their membranes will die, the challenge is to find mutations that 
cause only a partial defect in protein translocation.  

One experimental strategy uses genetic engineering to design special 
yeast cells. The enzyme histidinol dehydrogenase, for example, normally 
resides in the cytosol, where it is required to produce the essential amino 
acid histidine from its precursor histidinol. A yeast strain is constructed in 
which the histidinol dehydrogenase gene is replaced by a re-engineered 
gene encoding a fusion protein with an added signal sequence that 
misdirects the enzyme into the endoplasmic reticulum (ER). When such 
cells are grown without histidine, they die because all of the histidinol 
dehydrogenase is sequestered in the ER, where it is of no use. Cells with a 
mutation that only partially inactivates the mechanism for translocating 
proteins from the cytosol to the ER, however, will survive because the 
cytosol retains enough of the dehydrogenase to produce histidine. 

Often one obtains a cell in which the mutant protein in the translocation 
machinery still functions partially at normal temperature but is completely 
inactive at higher temperature. A cell carrying such a temperature- 
sensitive mutation dies at higher temperature, whether or not histidine is 
present, as it cannot transport any protein into the ER. The normal gene 
that was disabled by the temperature-sensitive mutation can be identified 
by transfecting the mutant cells with a yeast plasmid vector into which 
random yeast genomic DNA fragments have been cloned: the specific 
DNA fragment that rescues the mutant cells when they are grown at high 
temperature should encode the wild-type version of the mutant gene.

GENETIC APPROACHES FOR STUDYING THE 
MECHANISM OF PROTEIN TRANSLOCATION
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1. The labeled protein co-fractionates 
with the organelle during centrifugation.

2. The signal sequence is removed by 
a specific protease that is present 
inside the organelle.

3. The protein is protected from
digestion when proteases are
added to the incubation medium,
but is susceptible if a detergent is
first added to disrupt the
organelle membrane.
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