
 

Fighting fire blight and detecting salmonella
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Apple branch with “scorched” leaves after a severe fire-blight infection caused
by the bacterium Erwinia amylovora. Credit: Peggy Greb via wikimedia
commons

ETH researchers have created an effective weapon against the plant
disease fire blight and a new method for detection of Salmonella. Both
are based on particular viruses that attack only one species of bacteria.

The plant disease fire blight, caused by the bacterium Erwinia
amylovora, is dreaded by fruit growers. It affects apple and pear trees
and other plants in the rosacea family, and if a tree becomes affected it
usually has to be cleared and burned.

The pathogen that causes fire blight is difficult to control. In exceptional
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cases, farmers can use the antibiotic streptomycin, but even this cannot
prevent the pathogen from disseminating via pollinating insects.

Use the enemy's enemy

A new control strategy has now been presented by researchers led by
ETH professor Martin Loessner: they employed a bacterial virus
(bacteriophage) designated Y2 that exclusively infects the fire blight
pathogen, and equipped it with additional genes. This allowed them to
create a highly effective and specific weapon against the Erwinia
bacterium.

The native form of Y2 is a natural Erwinia killer, but it is unable to
adequately penetrate the thick slime layer that protects the bacterium.
Infact, this carbohydrate slime is very tough and clogs the vascular
system of plants, causing the flowers and leaves to wither.

Yet, this does not prevent another bacteriophage, named L1, to attack
Erwinia. This virus features particular enzymes which can dissolve the
mucus efficiently. However, it is not as effective in killing the fire blight
pathogen.

Equipping Y2 with mucus-dissolving abilities

By incorporating the gene for this enzyme from L1 into the Y2 phage,
the researchers created a genetically modified variant combining the
properties of both: it is is able to dissolve its mucus layer efficiently, and
highly infective and lethal to the Erwinia bacterium.

As soon as Y2 enters the bacterium, it starts to proliferate on a massive
scale. It dissolves the bacterium from the inside out, freeing itself to
attack further bacteria. Thus, mucus-dissolving enzymes enter the
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environment in large quantities, which accelerates the degradation of the 
mucus layer on further bacteria and thus facilitates their infection. The
destructive process then progresses rapidly.

"The optimized bacteriophage proved to be very effective against the
fire blight pathogen, not only in the laboratory but also in infected apple
blossoms," says Loessner. The tests were conducted with infected plant
material in safety-level greenhouses.., Field tests have not been carried
out: "Fire blight is one of the worst plant diseases; you cannot
experiment in the field," Loessner emphasises.

Turn a virus into a sensor

The researchers not only created a bacterial killer, they also used another
gene to produce a second Y2 variant that helps to detect the fire blight
pathogen. The gene ensures that the bacteria begin to light up when
infected by the bacteriophages. This light can be measured easily and
used for specific detection of the pathogen.

This method is not only fast and reliable, it is also very sensitive: "With
the help of our sensor phages, a few thousand infected bacteria are
sufficient to directly detect fire blight," says Loessner. Previous
detection methods were much slower, less sensitive and occasionally
providing false results. Because the Y2 sensor phage infects only
Erwinia, this is not the case with the new assay. High specificity as the
basis for Salmonella detection

Loessner and his colleagues also made use of the fact that bacteriophages
are generally very host-specific in another way: to detect Salmonella. In
a second paper, also published in the journal Applied and Environmental
Microbiology, they showed how they used synthetically produced
bacteriophage components to develop a universal detection method for
Salmonella. It means that all 2,500 known sub-types can be detected;
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previous methods based on antibodies recognised only a fraction of these
variants and were also slower.

Loessner's team reproduced a particular component of the Salmonella-
specific bacteriophage S16. This component – a virus tail fibre –
features a spherical terminal binding protein that can adhere to two
specific surface structures of all Salmonella types. The artificial tail
fibre, along with the recognition structure, has been attached to the
surface of microscopically small magnetic beads.

This allows almost any fluids and samples to be tested for the presence
and quantity of Salmonella. As soon as the bacteria binds to the fibres on
the magnetic beads, a kind of rusty aggregate forms in the test container,
which can be separated easily using an external magnet.

  More information: Yannick Born et al. Engineering of
Bacteriophages Y2::and Y2::for Efficient Control and Rapid Detection
of the Fire Blight Pathogen, Erwinia amylovora, Applied and
Environmental Microbiology (2017). DOI: 10.1128/AEM.00341-17 

Jenna M. Denyes et al. Modified Bacteriophage S16 Long Tail Fiber
Proteins for Rapid and Specific Immobilization and Detection of
Salmonella Cells, Applied and Environmental Microbiology (2017). DOI:
10.1128/AEM.00277-17
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