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3D structure of the complex consisting of the bacterial RNA polymerase (light
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and dark gray) and the viral λN protein (red). The lower end of the λN reaches
inside the RNA polymerase, linking its two halves. At its upper end, the λN
protein is in contact with RNA (orange) and various regulatory proteins (yellow,
blue and green). Credit: © Krupp/Charité

Viruses depend on host cells for replication, but how does a virus induce
its host to transcribe its own genetic information alongside that of the
virus, thus producing daughter viruses? For decades, researchers have
been studying a type of bacteriophage known as lambda to try and find
an answer to this question. Using high-resolution cryo-electron
microscopy, a research group from Charité - Universitätsmedizin Berlin
has now successfully deciphered this process. Their findings have been
published in Molecular Cell.

No host, no viruses. While it is true that viruses are capable of spreading
by surviving outside a host, they need a host for replication. Viruses lack
the complex apparatus necessary for the transcription of genetic
information and its subsequent translation into new virus components.
This is why all viruses need access to a host cell's molecular
infrastructure. For decades, researchers have been studying the ways in
which viruses successfully exploit host functions. Their efforts have
been focused on bacteriophages—viruses that rely on bacterial hosts for
replication. One of the most intensively studied and best characterized of
these is the lambda phage.

Previous research had shown that the lambda phage introduced its own
genetic information into that of its host, inserting it at a specific site in
the host genome. RNA polymerase, a protein complex responsible for
transcribing genetic information, would normally stop reading this
information at the end of the bacterial gene and would ignore any viral
genes inserted behind it. The virus uses a trick that prevents the RNA
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polymerase from terminating the transcription process: It introduces
'lambda-N' (λN), a tiny protein that attaches itself to the host's RNA
polymerase and forces it to continue transcription of the viral genes.
Until now, and despite intensive efforts, researchers had failed to
identify how this tiny protein can achieve such a feat. A Berlin-based
team of researchers has now been able to visualize the 3-D structure of
the RNA polymerase-λN-complex using high-resolution imaging,
enabling them to provide a detailed explanation of this viral exploitation.

For their study, researchers from Charité worked with colleagues from
Freie Universität Berlin and the Max Planck Institute for Molecular
Genetics. They started by producing the individual components of this
large protein complex separately. After reassembling the components,
they placed the resulting complex in a thin film of water and froze it.

Using cryo-electron microscopy, the researchers took a total of 700,000
images of the protein complex from various angles, using these to
compute its 3-D structure. "The nature of this structure told us that the
small viral λN protein seals together the two halves of the RNA
polymerase, thus preventing it from falling apart once it reaches the stop
signal at the end of the bacterial gene," explains one of the study's first
authors, Ferdinand Krupp, who is a doctoral student at Charité's Institute
of Medical Physics and Biophysics.

"Because of this, the RNA polymerase continues transcribing even once
it reaches the viral genes. Once all the viral genes have been read, they
are then used as a blueprint for making daughter viruses—meaning the
virus has achieved its objective," says the biophysicist. He adds: "Our
data also explain many of the individual results recorded over five
decades of research. Taken together, these findings may contribute to
the development of new antibacterial drugs."

  More information: Ferdinand Krupp et al, Structural Basis for the
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