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Productivity Personified

A new era in cell culture has arrived. Invitron’s Static Maintenance Reactor
(U.S. Patent No. 4,537.860) is the result of a 15 year marriage of cell biology
with bioengineering. This revolutionary cell culture bioreactor
approaches — within a pharmaceutical environment—the
condition under which cells exist in living tissue.

Just one of these reactors has the capacity to produce multi-gram quantities
of product...everyday...for months at a time. Annualized, this means
that each reactor has multi-kilogram capacity.

Eighteen such reactors, each exquisitely interfaced with computer
automated life support systems, are the centerpiece of our new, million-liter
pharmaceutical manufacturing facility.

Join Us: Together we will bring your biopharmaceuticals
- - to the marketplace. .
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Announcing a new book from AAAS

AID!

Papers from Science,
1982-1985

Edited by
Ruth Kulstad, Science

syndrome (AIDS) that appeared in Science between August 1982 and

' September 1985 are included in this volume. Arranged chronologically,
these 108 research papers and Science news reports show how far AIDS re-
search has come and provide an indication of the directions in which it might

go.

Some of the most frequently cited papers on acquired immune deficiency

This fully indexed collection is useful not only for the experimental data and
conclusions, but also as an excellent source of references to AIDS work in other
major journals worldwide. An overview of research in AIDS to date is provided in
the introduction by Dr. Myron Essex, chairman of the Department of Cancer
Biology, Harvard University School of Public Health.

ca. 640pp.; fully indexed and illustrated
Hardcover $32.95, AAAS member price $26.35
Softcover $19.95, AAAS member price $15.95

Order from AAAS Marketing, Dept. A, 1333 H St., NW, Washington, DC 20005. Add $1.50 postage and
handling per order. Allow 4—6 weeks for delivery.
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Handle on drug
resistance

new molecular model for DNA
Aampliﬁcatibn in cukaryotes may
provide. insights into how drug
resistance develops during the course of
leishmaniasis, one of the major infec-
tious diseases of the world (page 535).
Garvey and Santi used the OFAGE
technique (orthogonal-field-alternation
gel electrophoresis) to separate DNA
:Kecics—thc major chromosomes and
e extrachromosomal circles—from
wild-type and resistant mutants of
Leishmania magjor. Both stable and tran-
sitory dtug-resistant mutants had extra-
chromosomal circles; wild-type drug-
sensitive stocks did not. The circles of
DNA from stable mutants may have
base sequences that confer mitotic sta-
bility while those of transitory mutants
would not. Studies of the structure and
function of DNA circles from Leishma-
nia may be relevant in drug resistance in
leishmaniasis and other parasitic proto-
zoan diseases. :

L-BSO, cataracts, and
glutathione

ATARACTS develop in young

mice injected at age 9 to 12 days

with the drug L-buthionine sul-
foximine (L-BSO); slightly older mice
(14 to .17 days old) show defective
spermatogenesis and hind leg paralysis
or die when injected with L-BSO (page
553). Many or all of the pleiomorphic
drug effects may reflect L-BSO-induced
inhibition of synthesis of glutathione, a
widely distributed tripeptide and the
most abundant nonprotein thiol in liv-
ing cells. Calvin et al. report that all of
the experimental mice were lethargic
and emaciated and had fur abnormali-
ties; also, glutathione concentrations
dropped markedly in livers, kidneys,
testes, and lenses. There was no detect-
able glutathione in the lenses of mice
treated at 9 to 12 days; their lenses were
opaque when they first opened their
eyes at 14 or 15 days, and, by 18 days,
the pearly white opacity characteristic
of cataracts was generally total. This

I AUGUST 1986

SCIENCE

animal model will be useful for studying
details of glutathione deficiency diseases
(known also in humans), for studying
cataract development, and for further
evaluating adverse effects of L-BSO, an
agent that has been developed for alter-
ing glutathione metabolism.

Lymphocytes in arthritic
joints

YMPHOCYTES that regularly cir-
I culate through the body to per-
form immune functions are
found in the swollen painful joints of
patients with rheumatoid arthritis;
Egagc 556). These lymphocytes are
thought to contribute to the inflamma-
tion and the pathology of the. disease.
They move from body fluids into joint
tissue (synovium) across the high endo-
thelial venules (HEV’). (HEV’s are
also conduits through which lympho-
cytes enter normal lymphoid organs and
injured sites elsewhere in the body.)
Jalkanen ez al. studied the attachment of
lymphocytes to HEV in frozen sections
of synovia. The interaction had some
features in common with other lympho-
cyte-endothelial associations but dif-
fered in the types of lymphocytes bound
and in the apparent receptors on HEV
to which they attached. A special recog-
nition system thus appears to regulate
transport of lymphocytes into inflamed
joints, raising the possibility that a clini-
cal approach using drugs or antibodies
that interfere with the lymphocyte-sy-
novial-endothelial interaction might be
effective in treating this disease.

Self-assembling
cytotoxins

osT drug therapy is a precari-
Mous balance between benefi-
cial and harmful effects be-

cause drugs that can kill cancer cells or
Kathogc‘ns frequently also kill normal
ost cells (c%agc 561). Rideout describes
an approach to the development of che-
motherapeutic and antibiotic drugs that
involves assembly on or within cells of
toxic ‘substances from precursors that

have little or no toxicity. In the proto-
type experiments, the assembled tox-
ins—hydrazones forming from hydra-
zine derivatives and carbonyl com-
pounds—killed bacteria and two kinds
of mammalian test cells, but their pre-
cursors did not. An active self-assem-
bled cytotoxin was identified in the
lysed preparations. The success of this
approach to the development of new
pharmacologic agents will depend on
identification and exploitation of subtle
differences between normal and disease-
related cells such that only the latter will
preferentially bind one or more of the
precursors. Harmful side effects of
agents that act synergistically may be
much less than those of single agents
with similar inherent (possibly low)
toxicity, because much smaller doses of
cooperating drugs may be required.

Channel regulation in
cystic fibrosis

ATIENTS with cystic fibrosis have
P difficulty breathing (page 558).

One factor that appears to con-
tribute to their pulmonary dysfunction
is impaired transport of chloride ions
across the surfaces of epithelial cells
lining the airway passages; water and
clectrolyte secretion then get out of
balance and this may contribute to the
accumulation of mucus. Frizzell ez al.
determined that epithelial cells of the
airway passages have channels for chlo-
ride transport that have normal bio-
physical properties; however, the activi-
ty of these channels is improperly regu-
lated. In the appropriate calcium-en-
riched medium, membrane patches
from cells of patients with cystic fibrosis
and from normal individuals showed
identical channel electrical activity. But,
when the B-adrenergic excitation path-
way for channel activation was stimulat-
ed (with cyclic adenosine monophos-
phate or epinephrine), only channels of
normal cells were activated. It may ulti-
mately be possible to trace other symp-
toms of cystic fibrosis—sweating and
pancreatic dysfunctions—to disturbed
regulation of chloride channel activity
in epithelial cells.
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New from AAAS

THE The Verification

VERIFICATION Challenge
cHAl.I.ENGE | Problems and Promise of

: /.3' . Strategic Nuclear
Problems QMWW Sggglg'c "" 4% Arms Control Verification

Nuclear Arms Veri

f‘?'“

by
Richard A. Scribner,
Theodore Ralston, and

William Metz

Published by Birkhduser Boston for AAAS

avoiding the use of nuclear weapons. Yet in recent years, a less-than-
perfect ability to verify agreements with the Soviet Union has often been
cited as reason to shun arms control agreements altogether.

T he most urgent challenge facing the superpowers and the world today is

The Verification Challenge draws on the guidance of knowledgeable experts to
inform citizens about the prospects and problems of verification. It explains
how intelligence monitoring and collection work, what is involved in verifying
specific arms control provisions, and the history of Soviet and U.S. compliance.
Underlying principles as well as technical and operating details are discussed in
a clear and understandable way. This volume is essential reading for those de-
siring to understand better what is possible in the superpower Geneva negotia-
tions and for anyone concerned about the future of nuclear arms control
and global security.

1985; 249pp.; with satellite photographs and graphs; indexed
Softcover: $18.75, $15.00 for AAAS members; ISBN 0-8176-3308-1

Order from: AAAS Sales Office, Dept. LT, 1333 H St., NW,
First Floor, Washington, DC 20005.

Please add $1.50 postage and handling per order.
Allow 4-6 weeks for delivery.
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Treatment of Hazardous Wastes

ost observers agree that the past performance of the Environmental Protection

Agency in cleaning up Superfund sites has been uninspired. In what has been

called a “shell game,” the net result has largely been to move hazardous waste
from one spot to another or to cover the waste with a clay blanket. There has been little net
destruction of the waste and hence little in the way of permanent solutions to a set of nasty
problems.

Every waste dump is different in geometry, geology, and content of organic and
inorganic chemicals. Organic chemicals are the most feared, most complex substances
present. Technology exists to deal with part of the organic wastes (incineration), and
research results are pointing the way toward dealing with much of the remainder
(biodegradation). Where applicable—for example, wastes in drums—incineration can
achieve essentially complete destruction. Even the most stable halogen-containing aromatic
chemicals are destroyed at 1260°C. Major chemical companies have been using this
procedure successfully, achieving as much as 99.9999+ percent destruction. Currently, for
lack of incinerator capacity, there is a 2-year backlog of wastes to be burned. To avoid
possible problems during transport to incinerators and to increase capacity, EPA should
devote some of its funds to the construction of mobile incinerators to be used at Superfund
sites.

Much of the organic chemical wastes have been dumped into landfills. Dilution with
dirt is such that incineration is often not practical. Field experience and research indicate that
biodegradation could come to have an important role. For example, benzene, toluene,
xylenes, and other hazardous aromatic chemicals are found in many waste dumps and also in
leakage from gasoline tanks. These chemicals and many other hydrocarbons can be oxidized
in situ to CO, and H,O by microorganisms provided that they are furnished with such
inorganic nutrients as phosphate and ammonium nitrogen, plus oxygen. At the site of a
large gasoline spill, accompanying extraction and injection of water, nutrients were added
and oxygen was provided in the form of dilute H,O,. A population of organisms (2 x 10?
per gram of soil) capable of using gasoline as a carbon and energy source increased to more
than 10 per gram of soil, and 65 percent of the hydrocarbons disappeared after 164 days.

Among the individual organic chemicals most prevalent at Superfund dumps are
trichloroethylene, chloroform, tetrachloroethylene, and 1,1,1-trichloroethane. No orga-
nisms have been found that can grow using these substances as sole energy and carbon
sources. However, the compounds can be degraded by bacteria whose growth is supported
by another metabolite. As one example, methanogenic organisms (anaerobes), when
supplied acetate, slowly degraded tetrachloroethylene and 1,1,1-trichloroethane, as well as
chloroform and carbon tetrachloride.* A different set of organisms has destroyed halogenat-
ed hydrocarbons under aerobic conditions. This time, the energy and carbon source was
methane, and 12 halo‘igcnated aliphatic hydrocarbons were degraded to some extent.t
Similar treatment of '“C-labeled trichloroethylene showed fairly rapid total destruction.
Products included CO; and biomass; no halogenated organic compound remained.t

In terms of practical applications, there is a long history of use of acrobes in oxidizing
many hydrocarbons such as those in oil or gasoline. However, the most troublesome
components of Superfund dumps are the small halogenated hydrocarbons. Priority should
be accorded to expanding laboratory investigations dealing with these substances. In
addition, field experiments should be conducted using injection coupled with withdrawal of
nutrient streams under both anaerobic and aerobic conditions.

The public does not welcome the establishment of waste dumps for toxic chemicals
removed from somewhere else. As currently authorized sites are filled, EPA will find that it
has no real alternative but to deal with the contents of most sites in situ. Prospects are good
that multidisciplinary applications of science and engineering can be effective.

—PHILIP H. ABELSON

*E. J. Bouwer and P. L. McCarty, Biotechnol. Bioeng. 27, 1564 (1985). 1J. M. Henson, J. W. Cochran, J. T.
Wilson, R. S. Kerr, in preparation. M. M. Fogel, A. R. Taddeo, J. Fogel, Appl. Environ. Microbiol. 51, 720
(1986).
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