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Genes Key to Staph Disease Severity, Drug Resistance Found Hitchhiking Together

Scientists studying Staphylococcus bacteria, including methicillin-resistant S. aureus (MRSA), have
discovered a potent staph toxin responsible for disease severity. They also found the gene for the toxin
traveling with a genetic component of Staphylococcus that controls resistance to antibiotics. The study, now
online in PLoS Pathogens, shows for the first time that genetic factors that affect Staphylococcus virulence
and drug resistance can be transferred from one strain to another in one exchange event.

One of the ways Staphylococcus bacteria become drug-resistant is through horizontal gene transfer,
whereby resistance genes move from one bacterium to another. Staph bacteria also can exchange virulence
genes using the same mechanism, but this was previously assumed to occur separately from the transfer of
antibiotic resistance.

Scientists from the National Institute of Allergy and Infectious Diseases (NIAID), a component of the
National Institutes of Health, led the study. They collaborated with researchers at the University of
Tubingen in Germany and the University of Medicine and Dentistry of New Jersey.

"The discovery that bundled genes determine virulence and antimicrobial resistance suggests a new research
focus for scientists trying to better prevent and treat serious staph infections,” says Anthony S. Fauci, M.D.,
NIAID director.

The research involved more than 100 strains of S. aureus and S. epidermidis, both bacteria found on the
skin of most people. In recent decades, these bacteria have become increasingly virulent, often causing
severe disease that can be resistant to traditional antibiotics such as methicillin.

The studies were directed by NIAID senior investigator Michael Otto, Ph.D. In 2007, he and his colleagues
found that staphylococci secrete toxins of the phenol-soluble modulin (PSM) family that are primarily
responsible for attracting and killing human white blood cells called neutrophils. This process is critical for
the ability of S. aureus — including community-acquired MRSA — to cause disease.

While screening S. aureus and S. epidermidis strains, Dr. Otto's group noticed that some strains produced
one additional, previously unknown PSM toxin. The researchers hypothesized that the toxin was somehow
connected to drug resistance. This idea surfaced because the toxin appeared in 10 percent of all MRSA
strains and 68 percent of all methicillin — resistant S. epidermidis strains analyzed — whereas the
researchers did not find it in strains of S. aureus or S. epidermidis that are sensitive to methicillin.
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The research group confirmed its theory by identifying the specific location that encodes the toxin, which
was in gene clusters that control drug resistance, known as SCCmec. The group named the new toxin PSM-
mec.

"This work represents a previously unknown example of a toxin hitchhiking on staphylococcal mobile
genetic elements that are primarily in charge of transferring antibiotic resistance," says Dr. Otto. He adds
that the finding"should alert the research community that aggressive, drug-resistant staph can evolve more
quickly than we assumed."

The research group is continuing its study of PSM-mec in S. epidermidis, where the toxin is more prevalent.
Ultimately, being able to neutralize PSM-mec and other toxins that attack human defenses could lead to
new treatments for S. aureus and S. epidermidis disease.

NIAID conducts and supports research — at NIH, throughout the United States, and worldwide — to study
the causes of infectious and immune-mediated diseases, and to develop better means of preventing,
diagnosing and treating these illnesses. News releases, fact sheets and other NIAID-related materials are
available on the NIAID Web site at http://www.niaid.nih.gov.

The National Institutes of Health (NIH) — The Nation's Medical Research Agency — includes 27 Institutes
and Centers and is a component of the U.S. Department of Health and Human Services. It is the primary
federal agency for conducting and supporting basic, clinical and translational medical research, and it
investigates the causes, treatments, and cures for both common and rare diseases. For more information
about NIH and its programs, visit www.nih.gov.
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