99-4/8

Volume 58
Number 10
October 1992

American Society
for Microbiology

New Technigques Explore Biofilm Sfructure
Womenh Seek New Roles in Science
Tropical Disease Research Priorities Reassessed
ASM Election Nominees



BRING THE POWER
OrFPCR TECHNOLO(%X\
TO ENVIRONMENTAL
ANATLYSIS.

Faster analysis with greater sensitivity and specific-
ity. Easier interpretation with increased assurance

and semi-quantitative results.

Circle Number #112
on Beader Service Card

Legionella L& p&@& -  +&

New EnviroAmp™ Reagents such as

The EnviroAmp the EnviroAmp™ Legionella Kits,
Legionella Kils provide

amodular system for - together with GeneAmp™ PCR
sarnple preparation, .
PCRampiificationand  Instrument Systems, provide sim-
detection of greater

than 20 Legioneilz  ple yet powerful solutions to your
species and 15 L. pneo-

mophifa sera groups.  toughest analytical challenges.

The first in a series of kits for PCR-based analys,is\
of water samples, the EuviroAmp Legione v
Kits contain reagents and protocols optimized for
detecting both Legionella and L. pneumophila.
The colorimetric reverse dot blot format with
built-in positive and negative controls provides

immediate, unambiguous

results. All backed by our

PCR Performance Guarantee.
In the US,, call PE XPRESS at 1-800-762-4002
to order. Or call 1-800-762-4001 for technical
information. Outside the U.S., contact your local

Perkin-Elmenr sales vepresentative.

rKIN ELMER

Eutopa Vaterststtan, Germany Tel: 49-8108-381-115 Fax: 49-8106-6697 k
Canada Montreal, Canada Tel: 5147377575 Fax: 514-137-97128

Far East Meltourne, Austrata Tel: 61-3-560-4566 Fax: 61-3-560-3231

Latin America Mexico City Mexico Tel. $2-5-85¢-7077 Fax: 52-5-593-6223

Perkin-Elmer PCR reagents are developed and
manufsctured by Rochs Molecular Systems, Inc., @
Branchbueg, New Jersey, U.SA.




ASM News

Editor in Chief:
Michael 1. Goldberg
Production Editor:
Pamela Murray Winters
Assistant Production Editor:
Rebecea L. Zwadyk
Current Topics and Feafures Editor:
Jeffrey L. Fox
ASM Features Editor: .
Barhara Hyde

Officers

President: John L. Ingraham, Dept. of
Mierobhiology, University of Califor-
-nia, Davis, CA 95616

President-Elect: Gail Cassell, Dept, of Mi-
crobiology, University of Alabama at
Birmingham, Birmingham, AL 35284

Secretary: Cynthia Needham, 1325
Massachusetts Ave,, N.W., Washing-
ton, DC 20005-4171

Treasurer: Samusl Kaplan, Dept. of Mi-
crobiology, University of Texas Med-
ical School, Housten, TX 77225

Editorial Advisory Board
Phillip J. Baker

Richard Bell

Roy Curtiss Iil

Stephanie E. Doores
Henry D. Isenberg

Holger W. Jannasch
Ronald Luftig

Frederick C. Neidhardt
Frederie K. Pfaender

ASM News (ISSN 0044-7897),
published by the American Society for
Mierobiology, 1325 Massachusetts
Ave., N.W., Washington, DC
20005-4171, (202) 737-8600, is mailed
to all ASM members and contains
news and announcements of concern to
all microbiologists. It is published
monthly, one volume per year.
Subscription price: nonmembers, $24
per year; members, $13 per year.
Single copies: $3 (Canadian, $3.21).

Aduertising Representative:
Elizabeth Mosko, Williams & Wil-
kins, 428 E. Preston Si., Baltimore,
MD 21202; tel., (410) 5628-4005; fax,
(410) 528-4452.

POSTMASTER: Send address changes
to ASM News, 1325 Massachusetis
Ave., NNW., Washingten, DC
20005-41171,

Second-class postage paid at Washington,
D.C., and at addittenal mailing offices,

Made in the United States of America.
Copyright © 1992, American Society for
Microbiology.

All rights reserved.

@ Text Printed on Recycled Paper

CODEN: ASMBO 58 (10} 525-586 (1992) ISSN: 0044-7897

FORUM
Not a Choice, an Obligation .........ccovieirriineriieeiiiarias 526
CURRENT TOPICS
NLM Developing Unified Medical Language ............ooeeveen.. 528
NI Strives To Maintain Pool of AIDS Investigators . veveiaa.. D29
Minnesota Deliberate Release Rules Stir Debate ............... ...b30
MIT Recognizes Outstanding Teaching .............. ..ot 531
Coccidiocidomycosis in AIDS Patient Lavage Specimen ...... ceov...b32
Bioprocess Engineers Needed for U.S, Biotechnology ............... 533
Medieal School Teaching Approaches Scrutinized .................. 533
FEATURES
‘Women Strive for Fairer Treatment in Careers ................... .b37
Tropical Disease Research Priorities Reassessed ........ e 542
Centers, Technologies Focus on Biofilm Heterogeneity ............. 546
ASM NEWS
Features ............ e e s 548
ASMReport ................ e e e e e e 5561
Publications ............ ... e r e 558
Education and Training ..............ccvviiean.t.. R 151
Public and Scientific Affairs ......... ... 0 . i iiii ....Db62
American Academy of Microbiology ................. cirireeaa....DB4
Membership ... i e iesiariaanae s verr.s..DO0
Divigions ............ e e e e e e e 566
Insert on Meetings and Conferences .........00vvnnnnnt. facing p. 556
DEPARTMENTS
Letters ...t e e e 525
Public Affairs Report ... ... ..ot e 536
Roviews and Resotrees . ... ..vvvririiiinririnrennnrionnns veeie. .. D69
Application Deadlines .. ... viiiiue ittt 574
Calendar ..............ciiiiviriannnnnn P 576
Employment .......... ... ..o i, e 583

Cover: Scanning confocal laser microscopic, color-transformed, epifluorescence
image of a copper coupon after 7 days of exposure to an unidentified culiure of o
copper-corroding bacterium. This image, when superimposed on a reflected white
light image of the same area of the coupon, indicafes that the bacteria preferentially
colonize depressions in the metal surface (see p. 546). )




MICROBIAL ID
by FATTY ACID ANALYSIS -

ike a fingerprint, a fatty acid profile is a

means of positive identification. The

Microbial Identification System (MIS)
gencrates a fatty acid profile of your
isolate and, using presence/absence,

quantities, and ratios, compares this
profile to a database library for identifica-
tion. And it can identify aerobes,
anaerobes, yeasts and clinical microbes.
Since the MIS high resolution gas chroma-
tography technique relies on genetically
distinct fatty acid profiles, it is extremely
accurate as well as fast and inexpensive.

Contact IEA at 800-723-4432 for
information on our complete range of
microbiological services.

¢ Microbial ID by fatty acid analysis
* Water/wastewater testing

* Giardin and Cryptosporidium

* Legionelln

* Microbiologicai Aerosols

* Microscopy (SEM, TEM, Light)

[EA

An Agquarion Company

Industrial and Environmental
Analysts, Inc.
Ship to: IEA, Inc., 6 Lamore Rd., Essex Jet, VT 05452
P.0. Box 626, Essex Jct,, VT 05453 » FAX: 802-878-6765
1-800-723-4432

+ Connectiocut + Florida « linois * Massachusetts *
» New fersey » North Caroling ¢+ Verment +

Circle Number #140
on Reader Service Card

TRUDEAU INSTITUTE FROZEN
VIABLE BCG Pasteur
(Mycobacterium bovis, strain Bacillus Calmette-Guerin)

This product is sold for experimentat use an:

** infectlous agent

** vaceine

** adjuvant or

*+ tumor immunotherapeutic agent.

Bach vial contains 3.3 x 108 dispersed viable organismsino I mlof PB& T
medium. The preparation can be frozen and thawed several times without
loss of viability.

Vials are shipped by air, frozen, or, if requested, at ambient temperature.

PRICE: $50.00 per vial plus shipplng
For more information, Call or write:

Mr. Ronald LaCourse
Trudeau Institute, Inc,
P.0. Box 59
Saranac Lake, NY 12983
Telephone: (518) 891-3080
FAX: (518) 891-5126

ASM Style
Manual

for Journals and Books

his newly revised and updated edition will
assist every author who submits papers to
ASM. Preparcd by ASM’s professional edito-
rial staff specifically for the ASM journals and
books, the manual incorporates all of the
information you nced to ensure stylistically
and grammatically correct manuseripts.
Publication date: June 1991. Softcover, 185 pages
plus index, illustrated, Members, $23.00; non-
members, $28.00. Canadian residents add 7% to
cover the GST. Order no News -51991.
Send order to Publication Sales, American Society
for Microbiology, 1325 Massachusetts Ave,,
NW, Washington, DC 20005-4171.

s Publication Sales
American Society for Microbiology




supplies and insect popuiations. In addition, a larger
proporiion of the pepulation is heading for villages and
cities, a trend that leads to overcrowding, poor sanita-
tion, and other conditions conducive to epidemies.

The approach of Schoolnik and his collaborators is
at once sophisticated and primitive. They have estab-
lished sentinel stations that rely on local inhabitants
to report on diarrheal outbreaks and to collect stool
samples. Once collected, those samples are brought to
a nearby regional molecular epidemiology lab, where
they are subjected to DNA probe analysis. Because the
pathogenic agents often are present in low numbers in
such samples, Schoolnik’s team is adapting highly
sensitive polymerase chain reaetion-based methods to
use when testing the samples. The idea is “to track the
focal point or the complex path a microbe takes . . . in
an epidemic . . . 30 we can intervene,” he says.

This approach to analyzing and combatting public
health problems is neither cheap nor simple, Schoolnik
admits. Putting the system together entailed striking
a delicate balance among many players, including
local residents and health practitioners, Mexican gov-
ernment officials, U.S. scientists, and a medley of
granting agencies, including the National Institutes of
Health and the Howard Hughes Medical Institute.
Whether these efforts in the south of Mexico eventu-
ally can be converted from a research project into an
autonomous public health surveillance system is an
open question.

Institutions Are Redefining Their Roles

Individual research groups like Schoolnik’s are help-
ing to drive research and develop new forms of health
care delivery systems at the local or regional level for
countries where tropical diseases are prevalent. At the
other end of the organizational spectrum, WHO officials
have “an obligatory role to define research needs and
develop global strategies,” says Tore Godal, director of
WHO'’s Special Programme for Research and Training
in Tropical Diseases in Geneva, Switzerland. “In the
past thig effort was based mainly on epidemiology. Now
we need to take a broader view,” he says.

This need comes at a time when the global envi-
ronment and politics are in a state of flux, Godal says.
“The environment is a major element in diseases, and
we often have a limited window of opportunity.”
Large-scale climate changes and fluctuating local
practices are among the many matters that need to be
faced. Meanwhile, however, global politics also present
new opportunities and a major change in world tem-
perament that are likely o affect such disease control
research efforts. The disappearance of the Cold War,
for example, represents an unparalleled opportunity
for WHOQ and national health officials, who no longer
need to cope with what was once a highly distracting
set of international sensitivities when they plan re-
search or public health measures in many settings.

Even as a surprising number of large-scale political
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problems may have vanished more guickly than it
seemed possible to imagine, other smaller-scale issues
that also affect health research agendas have taken on
expanded importance. It remains WHQ’s “challenge”
to determine the “socioclogy and economics for a dis-
ease” in a particular setting and to “define the needs
and demands” suited to cope with that disease, Godal
says. For example, when WHO officials confronted
parasitic river blindness in regions of Africa, “we
learned the people classify the skin manifestations in
children as more important than the blindness,” he
recalls, Those local concerns served to refocus the
public health strategy and, to a large extent, dictated
the nature of the drug testing and eventual distribu-
tion system that was established.

* When it comes to specific drug development, WHO is
“weakest” when products are in the preclinical phase
but “better” once such products enter field testing, Godal
says, adding, “We need industry expertise and resoure-
es.” WHO has a limited budget but impressive cutreach
and thus can provide a great deal of leverage when
product sponsors are ready to conduct clinical trials in
exotic settings. However, WHO is not in a position to
carry out those clinical trials on its own.

Providing adequate incentives for private-sector
partners, particularly pharmaceutical companies, con-
tinues to be a frequent stumbling block, The situation
that developed concerning a drug used for combatting
river blindness in Africa provides a vivid example of
why companies fend to stay away from developing
products to treat these problems. That is, Merck does
not sell but donates its product Ivermectin, which is
highly profitable as a veterinary medicine drug in the
United States, for river blindness in Africa, according
Kenneth Brown of Merck, Sharp and Dohme Research
Laboratories in West Point, Pa. “But it is unreason-
able to expect manufacturers to donate drugs or pro-
vide them at cost,” he says.

Appropriate incentives are needed, including ex-
tended patent protection and other mechanisms that
would encourage companies to screen closely related
members of a drug family or other products as they are
coming off patent, Brown notes. However, he adds,
“Technology transfer is more a dream than a reality.”

The U.S. Agency for International Development
(AID) is another institution caught up in changing
global priorities that affect the agency’s role in world
health issues. New technologies, particularly bioengi-
neering, “provide opportunities in the next decade but
require shifting priorities,” says Richard Bissell of
AID. With a focus on preventable diseases, AlID is
gecking to encourage development of affordable, stable
vaccines that do not require continuous refrigeration
before they are put to use. It also is important to be
“responsive to changing conditions in developing coun-
tries,” he adds. Thus, greater urbanization, changing
disease patterns, and underlying economic changes all
need to be carefully considered as pubhc health pro-

grams are developed. ]
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Centers, New Technologies Focus
on Biofilm Heterogeneity

New research explores the structure and activity of bibﬁ'lms

G. G, Geesey, W. G. CHARACKLIS, AND J. W. COSTERTON

The nonrandom distribution of microbial cells in
biofilms carries important consequences for industry,
medical practice, and ecosystems. For industry, sev-
eral costly microbiological problems, including foul-
ing, corrosion, and produet contamination, can be
traced to biofilm phenomena. To better understand
and combat these problems, researchers increasingly
are taking new approaches. In particular, they are
adapting new imaging tools and developing new math-
ematical models for analyzing systems to probe the
heterogeneous microbial populations found in biofilms.

Not long ago, most research aimed at understand-
ing biofilms was conducted by individual investigators
working with only a few colleagues. More recently,
some of these investigators have been coalescing to
form multidisciplinary research centers—a strategy
deemed necessary because of the complexity of the
questions and the growing number of approaches re-
searchers find themselves taking to address those
questions.

Several recently formed centers now devote sub-
stantial energy to biofilm research, including The
Center for Interfacial Microbial Process Engineering
at Montana State University, Bozeman; The Center
for Environmental Biotechnology at the University of
Tennessee, Knoxville; and the Center for Applied
Biosurfaces Engineering Research at the University of
Calgary, Calgary, Alberta, Canada, In addition to
these centers, others, such as the Center for Marine
Biotechnology at the University of Maryland, support

G. G. Geesey is associate professor of microbiology at
Montana State University in Bozeman, and J. W. Cos-
terton is director of the Center for Applied Biosurfuces
Engineering Research, University of Calgary, Calgary,
Alberta, Canada. W. G. (Bill) Characklis (1942—-1992),
founder and first director of the Center for Interfacial
Microbial Process Engineering, died on 12 June, He left
us all with a vision of excellence and a passion for life.
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substantial, if not dedicated, research programs on
biofilms.

At the Center for Interfacial Microbial Process
Engineering, founded by William Characklis at Mon-
tana State University, researchers are developing
mathematical expressions to describe the distribution
of bacterial cells that colonize metal surfaces. The
results are then used to predict biofilm accumulation
and activity in conduits and porous media. The predic-
tive capabilities are intended to improve the competi-
tiveness of U.S. industry by reducing costs associated
with periodic plant shutdowns to clean or replace
failed equipment or with removing undesirable micro-
hial metabolites from the final product during manu-
facture.

The Center for Environmental Biotechnology at
the University of Tennessee is directed by Gary Sayler
and David White. Researchers there employ molecular
genetics and analytical chemical techniques to probe
complex associations between different microbial spe-
cles growing in biofilms on surfaces. The focus is on
activities that are responsible for degradation of toxic
compounds in the environment and on microbially
influenced corrosion,

Research at the Center for Applied Biosurfaces
Engineering and Research at the University of Cal-
gary, which is under the direction of Bill Costerton,
focuses on the development of novel approaches to
control bicfilm growth and activity, including bioelec-
tric technology to permeabilize the biofilm matrix to
nutrients, biocides, and antibiotics. Doug Caldwell at
the University of Saskatoon, who collaborates with
Costerton, has developed a way to establish and main-
tain specific microbial associations within biofilms
grown in the laboratory that mimic those associations
found in nature.

Early studies of bacterial adhesion and biofilm
formation utilized laboratory strains unaccustomed to
the natural environmental pressures that promote
attachment and growth on surfaces. Adhesion experi-
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ments with these strains often produced disappoint-
ingly sparse cell attachment to submerged surfaces
clearly different from the robust biofilms that one
consistently observes in nature under less hospitable
conditions. Experience has taught us to replace tired
laboratory cultures with fresh isolates from the envi-

ronments where effective control of biofilm populations-

is desired. In some cases it has been necessary to apply
selective pressures such as heavy metal, antibiotic, or
phage challenge in order to mimic the extensive sur-
face adhesion and biofilm formation that resists erad-
ication by measures developed against naked and
vulnerable suspended cell populations. Specially de-
signed reactors now exist for establishment and main-
tenance of healthy biofilms for extended periods in a
laboratory setting, Effective procedures for generating
biofilms are now firmly established in the protocol of
microbiology,

New Forms of Microscopy Providing Insights

Even with such modifications to classical microbi-
ological culture techniques, other barriers have
blocked the study of biofilms. For example, the conven-
tional imaging tools of phase-contrast and electron
microscopy (transmission electron microscopy and
scanning electron microscopy) limit our ability to re-
solve the heterogeneous microbial populations within
biofilms. We could see that the cells were anchored to
the surface, but we knew little about the features of
the surface that stimulated bacterial adhesion. We
could see that there was an extracellular polymeric
matrix, but it was either blurred or badly distorted
when dehydrated, because in its native state it con-
tains 99% water. We also imagined that the biofilm
cells were randomly distributed in a homogeneous
matrix of unknown dimensions.

These perceptions are now rapidly being replaced
by examining clearer images of undisturbed biofilms
with the introduction of confocal scanning laser mi-
croscopy (CSLM), environmental scanning electron
microscopy, and atomic force microscopy.

CSLM is providing new insight into the surface
features that promote attachment. Superimposed re-
flected and fluorescent CSLM images reveal selective
colonization of intergranular boundaries and depres-
sions on the surface of some metal alloys by specific
bacteria. The three-dimensional mapping capabilities
of CSLM also are unveiling the true distribution of
cells within biofilms. For example, the matrix accounts
for 75 to 95% of the volume of the biofilm, and bacterial
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cells usually grow in discrete microcolonies within it.
The bacterial component is patchy, and penetration
probes (dextrans) reveal that the matrix is concen-
trated around the bacterial mierocolonies but is diffuse
in water channels that traverse the biofilm. CSLM also
shows that biofilm bacteria (e.g., methanogens)
achieve optimal physiological efficiency if they grow to
produce large monospecies microcolonies surrounded
by metabolically cooperative species (e.g., acetogens)
of bacteria, Mixed-species biofilms of Pseudomonas
aeruginosa and Klebsiella pneumoniae contain regions
where each species occurs independently and other
regions where they exist in intimate association.
Through the use of recently developed microsensor
technology, we know that the activities of bacteria
within the biofilm have a profound impact on a local
environment, For example, microsensors reveal strong
oxygen gradients within biofilms of oxygen-consuming

_bacteria. By combining CSLM and microsensor tech-

nology, we can relate heterogeneities in bacterial den-
sities and activities to chemical heterogeneities within
biofilms. ’ :

A major challenge is to express in mathematical
terms these and other microbial and chemical distri-
butions on surfaces and within biofilms, If this can
be achieved, it may be possible to develop models
of microscale phenomena such as microbe-influenced
pitting corrosion. Computer simulation models (e.g.,
BIOSIM) are being used to describe the relationship
between nutrients and biocide loading and biofilm
accumulation in conduits and porous media at the
mesoscale, Incorporation of microscale heterogeneity
will contribute to more effective modeling efforts at the
mesoscale, particularly in transport processes and bio-
film accumulation. Microscale and mesoscale phenom-
ena may even be important to macroseale modeling of
oil field souring. ' _

New imaging and probe technologies are pro-
foundly altering our mental image of bacterial bio-
films. Previously, we thought of bacterial cells distrib-
uted in a chemically and physically homogeneous
matrix of uncertain dimensions, We now view biofilms
as assemblages of microcolonies of bacteria, which
may establish metabolic cooperation with cells of ad-
Jacent microcolonies, embedded in a matrix exhibiting
both chemical and structural heterogeneity, a matrix
that forms a barrier to toxic substances yet allows
transport of nutrients for cell growth and survival.
As in most biological systems, order is transcendent,
and apparent randomness only bétrays our previous
ignorance. ‘ ]
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ICAAC Continues as Premier Infectious Disease Meeting

From relatively modest begin-
nings over 30 years ago, ASM's In-
terscience Conference on Antimi-
crobial Agents and Chemotherapy
(ICAAC) has become the preemi-
nent infectious disease meeting in
the world. The 32nd ICAAC, con-
vening this year in Anaheim, Calif,
is expected to draw a record-break-
ing 12,000-plus attendees, inelud-
ing about 4,000 international regis-
trants. For the meeting this year,
the Program Committee reviewed
approximately 3,000 abstracts and
scheduled 1,700 scientific presenta-
tions, more than 10 times the num-
ber at the first ICAAC. '

“From a meeting that was first
held in one room, ICAAC has bhe-
come recognized as the premier in-
fectious disease meeting,” said
Clyde Thornsberry, chair of the
ICAAC Program Committee. ASM
established a Commitfee on Inter-
science Conferences in 1960 and
sponsored the first official ICAAC in
1961, At that meeting, 828 people
attended and 158 papers were pre-
sented. Atftendance was 2,400 in
1975 and reached almost 8,000 by
1985,

Exhibits were first held at the
1973 meeting, where there were 27
exhibiting companies in 31 booths.
At the 1992 meeting, 148 compa-
nies will be exhibiting in 518
booths.

“ICAAC is a cutting-edge meet-
ing that afiracts world-class scien-
tists and physicians. The Program
Committee selects only new and in-
novative research for presentation.
" We often receive abstracts that are
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perfectly good and publishable but
aré rejected because the informa-
tion has been previcusly presented
at ICAAC. We also don't accept re-
search that has been presented else-
where,” Thornsberry said.

Two new features will be added
this year, he pointed out, a special
session updating recent information
on AIDS and another on late-
breaking research develepments
(see box).

The focus on AIDS is only one of
the ways ICAAC has changed since
its inception. Robert Moellering,
ICAAC pregram chair (1980-1982)
and current editor in chief of Ansi-
microbial Agents and Chemother-
apy, noted that as the meeting has
grown, the scope of the program has
become even broader, going beyond

the emphasis on antimicrobial
agents to include epidemiology and
clinical microbiology.

“The -antiviral area has grown
considerably, as have the areas of
immunology and host defenses,”
Moellering said.

“However, one of the reasons for
the popularity of ICAAC,” Moel-
lering said, “is that the meeting
encompasses a specific area—infec-
tious diseases. It is perceived infer-
nationally as a quality meeting, un-
like meetings where every paper is
accepted.

“The program committee has
been selective and has maintained
high quality, and the rate of rejec-
tion hasn’'t changed much, How-
ever, the Program Committee has
struck a nice balance and has also
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Centers, New Technologies Focus
on Biofilm Heterogeneity

New research explores the structure and activity of bibﬁ'lms

G. G. Gessey, W. G. CHARACKLIS, AND J. W, COSTERTON

The nonrandom distribution of miercbial cells in
biofilms carries important consequences for industry,
medical practice, and ecosystems. For industry, sev-
eral costly microbiological problems, including foul-
ing, corrosion, and product contamination, can be
- traced to biofilm phenomena. To better understand

and combat these problems, researchers increasingly
are taking new approaches. In particular, they are
adapting new imaging tools and developing new math-
ematical models for analyzing systems to probe the
heterogeneous microbial populations found in biofilms.

Not long ago, most research aimed at understand-
ing biofilms was conducted by individual investigators
working with only a few colleagues. More recently,

"some of these investigators have been coalescing to

form multidisciplinary research centers—a strategy
deemed necessary because of the complexity of the
questions and the growing number of approaches re-
searchers find themselves taking to address those
questions.

Several recently formed centers now devote sub-
stantial energy to biofilm research, including The
Center for Inferfacial Microbial Process Engineering
at Montana State University, Bozeman; The Center
for Environmental Biotechnology at the University of
Tennessee, Knoxville; and the Center for Applied
Biosurfaces Engineering Research at the University of
Calgary, Calgary, Alberta, Canada. In addition to
these centers, others, such as the Center for Marine
Biotechnology at the University of Maryland, support

G. G. Geesey is associate professor of microbiology at
Montana State Universily in Bozeman, and J. W. Cos-
terton is director of the Center for Applied Biosurfuces
Engineering Research, University of Calgary, Calgary,
Alberta, Canada. W. G, (Bill) Characklis (1942-1992),
founder and first director of the Center for Interfacial
Microbial Process Engineering, died on 12 June. He left
us all with a vision of excellence and a passion for life.
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substantial, if not dedicated, research programs on
biofilms, :

At the Center for Interfacial Microbial Process
Engineering, founded by William Characklis at Mon-
tana State University, researchers are developing
mathematical expressions to describe the distribution
of bacterial cells that colonize metal surfaces. The
results are then used to predict biofilm accumulation
and activity in conduits and porous media, The predic-
tive capabilities are intended to improve the competi-
tiveness of U.S. industry by reducing costs associated
with periedic plant shutdowns fo clean or replace
failed equipment or with removing undesirable micro-
bial metabolites from the final product during manu-
facture. ’

The Center for Environmental Biotechnology at
the University of Tennessee is directed by Gary Sayler
and David White, Researchers there employ molecular
genetics and analytical chemical techniques to probe
complex associations between different microbial spe-
cies growing in biofilms on surfaces. The focus is on
activities that are responsible for degradation of toxic
compounds in the environment and on microbially
influenced corrosion.

Research at the Center for Applied Biosurfaces
Engineering and Research at the University of Cal-
gary, which is under the divection of Bill Costerton,
focuses on the development of novel approaches to
control biofilm growth and activity, including bicelec-
tric technology to permeabilize the biofilm matrix to
nutrients, biocides, and antibiotics, Doug Caldwell at
the University of Saskatoon, who collaborates with
Costerton, has developed a way to establish and main-
tain specific microbial associations within biofiims
grown in the laboratory that mimie those associations
found in nature,

Early studies of bacterial adhesion and biofilm

formation utilized laboratory strains unaccustomed to.

the natural environmental pressures that promote
attachment and growth on surfaces. Adhesion experi-
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supplies and insect populations. In addition, a larger
proportion of the population is heading for villages and
cities, a trend that leads to overcrowding, poor sanita-
tion, and other conditions conducive to epidemics.

The approach of Schoolnik and his collaborators is
at once sophisticated and primitive. They have estab-
lished sentinel stations that rely on local inhabitants
to report on diarrheal outbreaks and to collect stool
samples. Once collected, those samples are brought to
a nearby regional molecular epidemiology lab, where
they are subjected to DNA probe analysis, Because the
pathogenic agents often are present in low numbers in
such samples, Schoolnik’s team is adapting highly
sensitive polymerase chain reaction-based methods to
use when testing the samples. The idea is “to track the
focal point or the complex path a microbe takes ... in
an epidemic . . . so we can intervene,” he says.

This approach to analyzing and combatting public
health problems is neither cheap nor simple, Schoolnik
admits. Putting the system together entailed striking
a delicate balance among many players, including
local residents and health practitioners, Mexican gov-
ernment officials, U.S. scientists, and a mediey of
granting agencies, including the National Institutes of
Health and the Howard Hughes Medical Institute.
Whether these efforts in the south of Mexico eventu-
ally can be converted from a research project into an
autonomous public health surveillance system is an
open question,

Institutions Are Redefining Their Roles

Individual research groups like Schoolnik’s are help-
ing to drive research and develop new forms of health
care delivery systerns at the local or regional level for
countries where tropical diseases are prevalent, At the
other end of the organizational spectrum, WHO officials
have “an obligatory role to define research needs and
develop global strategies,” says Tore Godal, director of
WHO’s Special Programme for Research and Training
in Tropical Diseases in Geneva, Switzerland, “In the
past this effort was based mainly on epidemiology. Now
we need to take a broader view,” he says.

This need comes at a time when the global envi-
ronment and politics are in a state of flux, Godal says.
“The environment is a major element in diseases, and
we often have a limited window of opportunity.”
Large-scale climate changes and fluctuating local
practices are among the many matters that need to be
faced. Meanwhile, however, global politics also present
new opportunities and a major change in world tem-
perament that are likely to affect such disease control
research efforts, The disappearance of the Cold War,
for example, represents an unparalleled opportunity
for WHO and national health officials, who no longer
need to cope with what was once a highly distracting
set of infernational sensitivities when they plan re-
search or public health measures in many settings,

Even as a surprising number of large-scale political
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problems may have vanished more quickly than it
seemed possible to imagine, other smaller-seale issues
that also affect health research agendas have taken on
expanded importance. It remains WHO’s “challenge”
to determine the “sociology and economics for a dis-
ease” in a particular setting and to “define the needs
and demands” suited to cope with that disease, Godal
says. For example, when WHO officials confronted
parasitic river blindness in regions of Africa, “we
learned the people classify the skin manifestations in
children as more important than the blindness,” he
recalls. Those local concerns served to refocus the
public health strategy and, to a large extent, dictated
the nature of the drug testing and eventual distribu-
tion system that was established.

" When it comes to specific drug development, WHO is
“weakest” when products are in the preclinical phase
but “better” once such products enter field testing, Godal
says, adding, “We need indusiry expertise and resourc-
es.” WHO has a limited budget but impressive outreach
and thus can provide a great deal of leverage when
product sponsors are ready to conduct elinical frials in
exobic settings. However, WHO is not in a position to
carry out those clinical trials on its own.

Providing adequate incentives for private-sector
partners, particularly pharmaceutical companies, con-
tinues o be a frequent stumbling block. The situation
that developed concerning a drug used for combatting
river blindness in Africa provides a vivid example of
why companies tend to stay away from developing
products to treat these problems, That is, Merck does
not sell but donates its produet Ivermectin, which is
highly profitable as a veterinary medicine drug in the
United States, for river blindness in Africa, according
Kenneth Brown of Merck, Sharp and Dohme Regearch
Laborateries in West Point, Pa. “But it is unreason-
able to expect manufacturers to donate drugs or pro-

vide them at cost,” he says.

Appropriate incentives are needed, including ex-
tended patent protection and other mechanisms that
would encourage companies to screen closely related
members of a drug family or other products as they are
coming off patent, Brown notes. However, he adds,
“Technology transfer is more a dream than a reality.”

The U.S. Agency for International Development
(AID)} is another institution caught up in changing
global priorities that affect the agency’s role in world
health issues. New technologies, particularly bicengi-
neering, “provide opportunities in the next decade but
require shifting priorities,” says Richard Bissell of
AlD. With a focus on preventable diseases, AID is
seeking to encourage development of affordable, stable

vaccines that do not require continuous refrigeration

hefore they are put to use. It also is important to be
“responsive to changing conditions in developing coun-
tries,” he adds. Thus, greater urbanization, changing
disease patterns, and underlying economic changes all
need to be carefully considered as pubhc health pro-

grams are developed. 3
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ments with these strains often produced disappoint-
ingly sparse cell attachment to submerged surfaces
clearly different from the robust biofilms that one
consistently observes in nature under less hospitable
conditions. Experience has taught us to replace tired
laboratory cultures with fresh isolates from the envi-

ronments where effective control of biofilm populations -

is desired. In some cases it has been necessary to apply
selective pressures such as heavy metal, antibiotic, or
phage challenge in order to mimic the extensive sur-
face adhesion and biofilm formation that resists erad-
ication by measures developed against naked and
vulnerable suspended cell populations. Specially de-
signed reactors now exist for establishment and main-
tenance of healthy biofilms for extended periods in a
laboratory setting. Effective procedures for generating
biofilms are now firmly established in the protocol of
microbiclogy.

New Forms of Microscopy Providing Insights

Even with such modifications to classical microbi-
ological culture techniques, other barriers have
blocked the study of biofilms. For example, the conven-
tional imaging tools of phase-contrast and electron
microscopy (transmission electron microscopy and
scanning electron microscopy) limit our ability to re-
‘solve the heterogeneous microbial populations within
biofilms. We could see that the cells were anchored to
the surface, but we knew little about the features of
the surface that stimulated bacterial adhesion. We
could see that there was an extracellular polymeric
matrix, but it was either blurred or badly distorted
when dehydrated, because in its native state it con-
tains 99% water. We also imagined that the biofilm
cells were randomly distributed in a homogeneous
matrix of unknown dimensions.

These perceptions are now rapidly being replaced
by examining clearer images of undisturbed biofilms
with the introduction of confocal scanning laser mi-
croscopy (CSLM), environmental scanning electron
microscopy, and atomie force microscopy.

CSLM is providing new insight into the surface
features that promote attachment. Superimposed re-
flected and fluorescent CSLM images reveal selective
colonization of intergranular boundaries and depres-
sions on the surface of some metal alloys by specific
bacteria. The three-dimensional mapping capabilities
of CSLM also are unveiling the true distribution of
cells within biofilms. For example, the matrix accounts
for 76 to 95% of the volume of the biofilm, and bacterial
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celis usually grow in diserete microcolonies within it.
The bacterial component is patchy, and penetration
probes (dextrans) reveal that the matrix is concen-
trated around the bacterial microcolonies but is diffuse
in water channels that traverse the biofilm. CSLM also
shows that biofilm bacteria (e.g., methanogens)
achieve optimal physiological efficiency if they grow to
produce large monospecies microcolonies surrounded
by metabolically cooperative species (e.g., acetogens)
of bacteria. Mixed-species biofilms of Pseudomonas
aeruginosa and Klebsiella pneumoniae contain regions
where each species occurs independently and other
regions where they exist in intimate association.
Through the use of recently developed microsensor
technology, we know that the activities of bacteria
within the biofilm have a profound impact on a local
environment, For example, microsensors reveal strong
oxygen gradients within biofilms of oxygen-consuming

.bacteria, By combining CSLM and microsensor tech-

nology, we can relate heterogeneities in bacterial den-
sities and activities to chemical heterogeneities within
biofilms. ' :

A major challenge is to express in mathematical
terms these and other microbial and chemical distri-
butions on surfaces and within biofilms, If this can
be achieved, it may be possible to develop models
of microscale phenomena such as microbe-influenced
pitting corrosion. Computer simulation models (e.g.,
BIOSIM) are being used to describe the relationship
between nutrients and biocide loading and biofilm
accumulation in conduits and porous media at the
mesoscale. Incorporation of microscale heterogeneity
will contribute to more effective modeling efforts at the
mesoscale, particularly in transport processes and bio-
film accumulation. Microscale and mesoscale phenom-
ena may even be important to macroscale modeling of -
oil field souring. )

New imaging and probe technologies are pro-
foundly altering our mental image of bacterial bio-
films. Previously, we thought of bacterial cells distrib-
uted in a chemically and physically homogeneous
matrix of uncertain dimensions. We now view biofilms
as assemblages of microcolonies of bacteria, which
may establish metabolic cooperation with cells of ad-
Jacent microcolonies, embedded in a matrix exhibiting
both chemical and structural heterogeneity, a matrix
that forms a barrier fo toxic substances yet allows
transport of nutrients for cell growth and survival,
As in most biological systems, order is transcendent,
and apparent randomness only betrays our previous

ignorance. a
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