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C
oastal communities trying
to clean up their beaches
face many challenges, a

significant one being the technical
difficulty of accurately measuring
human fecal bacteria in seawater.
This problem arises because
standard water tests are based on
the abundance of “indicator” bacte-
ria—not on direct measurements of
the potentially most dangerous
human pathogens.

Indicator counts have many
fundamental limitations. For in-
stance, they are not specific to a
particular species, making it impos-
sible to identify the source of
contamination. Birds, cats, dogs,
horses, seals and people all excrete
fecal coliform bacteria, the most
commonly used indicator bacteria.
Another drawback, fecal coliform
bacteria are rarely a major compo-
nent of bacterial contamination.

The main advantage of using
indicator bacteria is simply that
these bacteria grow quickly and
easily on culture plates, and they
are associated with mammalian or
avian feces. Many pathogens,
however, do not grow in culture.

Bacteroides fragilis, for instance,
constitutes as much as 30 percent
of the total bacteria in human feces.
But because these bacteria do not
grow in culture, they are not moni-
tored by public health officials.

Method
Biology professor Dr. Clifford F.

Brunk at the University of California,
Los Angeles, and colleagues
isolated DNA from bacteria in water
samples. They then used a poly-
merase chain reaction (PCR)
analysis to amplify the genetic
information of several small subunits
of ribosomal RNA genes. From
these, the scientists identified a set

of nine genetic markers that made it
possible to "fingerprint" the bacteria
and so identify its source.

The researchers, for instance,
found genetic markers that distin-
guish storm drain runoff from
sewage effluent and human from
animal feces.

PCR amplification, however, has
its own limitations. It does not
amplify all gene sequences equally,
meaning that it may overestimate
the abundance of some bacteria
while underestimating the abun-
dance of others. There are, how-
ever, ways to circumvent this
limitation. One is to co-amplify
nearly identical gene sequences.
Another is to use DNA fingerprinting

to search for the presence of certain
bacteria, as opposed to taking a
snapshot of the full complement of
bacterial flora.

Applications
Dr. Brunk's work expands the

spectrum of bacterial species that
can be detected and monitored in
coastal waters. Improved detection
methods will make it possible to
identify sources of bacterial pollu-
tion, linking contamination events to
upstream sources.

Collaborations
The Orange County Water

District is using Dr. Brunk's tech-
niques to identify the organisms that

When bacterial counts reach dangerous levels, health officials post warning signs, such as the
one pictured above on a beach at Scripps Institution of Oceanography, La Jolla. Photo: Georgia
Ratcliffe, California Sea Grant.
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are creating bothersome films on the
city's water filters. Dr. Jed Fuhrman
of University of Southern California
is also using DNA fingerprinting to
compare the assortment of bacterial
flora in coastal waters around the
world.
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