
 

Scientists unveil structure of protein critical
for gene expression
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Cryo-EM structure of the CPF protein. The study showed CPF is assembled
from three subunits: Cft1 in green, Yth1 in magenta and Pfs2 in yellow. Credit:
A. Casañal & T. Martin at MRC LMB

The technique of cryo-electron microscopy - for which MRC scientist
Dr Richard Henderson won a Nobel Prize earlier this month - has now
been used to solve the structure of a protein complex critical for gene
expression.

In the paper, published in Scienceopens in new window, the researchers
say the structure points to how the human influenza virus is able to
disrupt cells' gene expression machinery.

The study, led by Dr Lori Passmoreopens in new window from the MRC
Laboratory of Molecular Biology, is the first to reveal the structure of an
important part of the protein, called cleavage and polyadenylation factor
(CPF).

CPF is a complex enzyme made up of many subunits. Cryo-electron
microscopy has revolutionised scientists' ability to discover the structure
of large, flexible and complex proteins like this in their natural form.

Dr Lori Passmore, senior author on the paper and group leader at the
MRC LMB, said: "Understanding the structure and function of intact
CPF, and how it is assembled, has been a central question in the field of
gene expression for decades – it's such a fundamental protein but we still
don't understand how it works. This was a huge technical challenge
because very few structures have been built entirely from scratch using
cryo-EM data. We were very excited to finally build the first atomic
model of the structure of part of CPF."
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CPF gives gene expression its tail

Gene expression - turning the instructions encoded in DNA into proteins
- requires a number of important steps. Enzymes copy the gene and
produce a single-stranded version of the DNA, called messenger RNA
(mRNA).

The mRNA can travel out of the nucleus of the cell, where the DNA is
housed, to the cytoplasm where cellular machinery uses the mRNA's
instructions to assemble a protein.

The CPF enzyme is a necessary part of this process – it adds a long
string of adenosine molecules, called a 'poly-A tail', to the end of each
new mRNA.

This tail is important because the length of the tail specifies the amount
of time that the mRNA is present in the cell, and how often it is
translated into proteins. The poly-A tail is also necessary for the mRNA
to be transported out of the nucleus.
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Targeted by influenza

Viral infections, such as influenza, target CPF within the cell and disrupt
gene expression. The researchers identified a site on CPF where a
protein from the virus can bind in a way that may block CPF from
interacting with mRNA, and thereby halt gene expression in the cell to
the virus' advantage.

The scientists say this structure will also help them to better understand
how CPF works and how defects in poly-A tail addition contribute to
diseases - including β-thalassemia, thrombophilia, and cancer.

Dr Passmore said: "This has been a long-term project in my lab and
many people have contributed to it over the past seven years. I still
remember seeing the first images of CPF in 2010. Now, having the
structure of CPF will enable future research into how this important
protein works in normal cells, but it also opens up opportunities to
understand its role in viral infections and diseases such as cancer."

  More information: Ana Casañal et al. Architecture of eukaryotic
mRNA 3′-end processing machinery, Science (2017). DOI:
10.1126/science.aao6535
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