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International Cooperation in Space

A wide variety of joint projects contribute
to science and have practical applications.

As a widely endorsed political and
scientific objective, international coop-
eration in space deserves something bet-
ter than its usual quota of abstractions,
moral imperatives, and contrived pre-
scriptions. Space collaboration among
nations has a history, established prac-
tices, and broad opportunities, as well
as real-world requirements and limita-
tions. Any serious investigation of the
subject should quickly dispose of the
naive assumption that cooperation in
space is not energetically sought and
practiced and should bring some appre-
ciation of the governing circumstances,
which are especially evident in foreign
budget limitations and political con-
straints.

In fact, cooperation among nations in
space matters exists on several levels
and with varying degrees of scientific,
technical, economic, and political signifi-
cance. One of its more substantive
manifestations is in the international
programs of the National Aeronautics
and Space Administration (NASA) (7).
This article confines itself to NASA
programs, but, even so, it is only possi-
ble here to suggest by a few examples
the scope of the space agency’s inter-
national activity.

NASA’s work with foreign agencies
and scientists is authorized by a specific
directive in the Space Act of 1958 (2).
The legislative record of that act indi-
cates broad support for the provision
that the space programs of the United
States include cooperation with other

24 JULY 1970

Arnold W. Frutkin

nations—to demonstrate peaceful pur-
poses, to profit from foreign scientific
and financial contributions to common
space objectives, and to share the result-
ing benefits. That support has very prob-
ably grown in the succeeding years and
is much in evidence today, as often in
the popular press as in congressional
debate (3).

Strenuous efforts by NASA to breathe
life into these purposes of the Space
Act have produced a wide range of
projects in which significant scientific,
engineering, and funding responsibilities
for space missions have been assumed
by other nations [see (4) and Figs. 1-
3]. In a relatively short period of time
(when the requirements of space devel-
opment are considered), these projects
have engaged scientists in over 70 na-
tions and have generated more than 225
agency and executive agreements with
over 35 countries; they have covered
specific flight, flight support, and other
programs.

Television Instruction for India

The latest and possibly the most
exciting product of NASA’s interna-
tional program is an agreement reached
last 18 September with the Department
of Atomic Energy (DAE), parent
agency for space activities in India. The
agreement provides for an experiment
in the broadcasting of instructional
television via satellite to some 5000
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remote Indian villages (5). The basis
for India’s urgent interest in such an
experiment is apparent enough. India
today possesses a single television
transmitter, located in New Delhi. A
substantial proportion of her half-mil-
lion villages are so isolated that the gov-
ernment has no effective means of com-
munication with their largely illiterate
inhabitants. Yet national programs to
develop population controls and to in-
crease agricultural productivity require
immediate and effective assistance
through local instruction and education.

The experiment is made possible by
advances in NASA’s series of Applica-
tions Technology Satellites (ATS). The
ATS-F satellite, to be launched in
1973, will increase on-board power to
80 watts, will achieve high gain by
means of a 9.1-meter parabolic antenna
to be deployed in space, and will point
the antenna with extreme precision.
These features will make it feasible for
the first time to broadcast television
directly into the viewing set. The re-
ceiver must, however, be augmented by
the addition of a preamplifier, a modula-
tion converter, and a parabolic antenna
with a diameter of about 3 meters. The
total cost of such a receiver-viewer is
expected to be a few hundred dollars.

The combination of ATS-F satellite
and augmented receiver will bring tele-
vision directly into the villages without
a costly intermediary network of large
ground terminals and microwave links.
(Actually, the India experiment will be
a hybrid one, since it will be less ex-
pensive where villages are densely
clustered to use ground-relay stations
for distribution of satellite programs to
conventional receivers.)

The September agreement provides
that NASA will make ATS-F available
to India for a year of broadcasting de-
voted to family planning, agricultural
improvements, national integration, and
other educational programs. The satel-
lite will first be used for a few months
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by U.S. agencies to perform about 18
experiments in communications devel-
opment and environmental factors. Then
it will be nudged farther east in its syn-
chronous orbit, until it comes into line
of sight of an existing experimental
ground station at Ahmedabad. That
station and perhaps others will transmit
television programs, formulated and
controlled by India, to the satellite for
rebroadcast to village receivers and to
three relay stations. The programs will
go out on one video and two audio
channels. Thus, simultaneous broadcast-
ing in two languages will be possible.
If two or three regions use the service
at different periods of the day, such
time sharing can increase this to four
or six languages.

Since the contributions of the United
States to the Indian experiment will be
made in the course of a program already
in process for technological develop-
ment purposes, it entails only modest
incremental cost to NASA. The satellite
transponder for the Indian experiment
and the relocation of a small ground-
control station together represent little
more than 1 percent of the total cost of

the ATS-F and ATS-G projects (which
are combined in NASA’s program-
ming). The cost to India for the devel-
opment and conduct of the experiment
may exceed $15 million—most of which
can be met in rupees. Under the agree-

ment, each side is responsible for its

own costs.

India’s programmatic responsibilities
are clearly substantial. They include the
operation of the Ahmedabad station;
the construction and operation of relay
stations; the design, production, distribu-
tion, and maintenance of receivers; the
development, scheduling, and produc-
tion of effective television programs; the
organization of village audiences and
provision for their access to the equip-
ments and supplies whose availability
is implied by instructional programs;
and more. The effort can hardly avoid
stimulating substantial industrial and
managerial progress of broad value to
India—in addition to attacking the im-
mediate objectives stated in the coopera-
tive agreement.

It should be of some practical interest
to those interested in international co-
operation that the U.S.-India instruc-

Fig. 1. Sounding rockets and experiments in final stage of inspection before launching
from the Casino range in Brazil. This cooperative project between the Brazilian Na-
tional Space Commission and NASA was undertaken in connection with the solar
eclipse of November 1966.
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tional television agreement required
about 4 years to progress from concept
to signature. An important element in
its extended history was a 'year-long
joint study to assess the relevance of
the experiment to a national television
system which India might later estab-
lish—based either on satellites or on
conventional ground-distribution links.
This study convinced India that it can
save one-half to two-thirds by selecting
the satellite alternative. Thus, a fixed
annual expenditure will give India a
national communications system cov-
ering all its communities in 10 rather
than the 30 years required for conven-
tional television links.

Something should be said regarding
the fundamental premise that television
instruction can fulfill the key social role
expected of it by India and by other
developing countries. To test the prem-
ise, India has conducted a preliminary
experiment in the Delhi area over the
past 2 years. The existing Delhi trans-
mitter was used for biweekly broadcasts
on agricultural productivity to conven-
tional receivers in some 80 nearby vil-
lages. The program was then evaluated
against experience in control villages
lacking television receivers. The Indian
Committee for Space Research has pub-
lished findings that strongly support the
assumption that, for illiterate adult
audiences, such programs are indeed
more effective than communications
through other media. During the course
of this early test, the writer attended
an evening broadcast in one village
where some 400 inhabitants of all ages
watched a broadcast on the use of new
seeds and fertilizers. Audience interest,
enthusiasm, and impact were evident.
In harder terms, the village elders re-
ported that the broadcasts had in-
creased their incomes. They com-
plained only that the programs were
not offered frequently enough.

The U.S.-India experiment in instruc-
tional television by satellite will be
closely watched by other developing
countries and by those Westerners who
hope that advanced technology can be

"of some use in attacking larger social

problems in the developing world.
Brazil, for example, has also expressed
interest in the wuse of community
broadcast satellites to complement a
larger national education program, and
the DAE has invited Brazilian observa-
tion and participation in the India ex-
periment. A United Nations Working
Group on Direct Broadcasting has en-
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couraged experiments of this type and
will undoubtedly follow this one care-
fully (6). The experiment may also es-
tablish a valuable precedent for the
proper use of direct broadcasting capa-
bilities and may help to direct present
concerns over possible abuses into con-
structive channels.

Resource Surveys by Satellite

Some results of relatively simple
photography from NASA’s Mercury,
Gemini, and Apollo spacecraft and of
imaging from meteorological satellites
have inspired proposals to use better
equipped spacecraft for regular surveys
of earth resources. For example, satel-
lite-borne, multispectral cameras and
infrared sensors might have value in the
monitoring and management of crops,
including the detection and control of
crop disease; the survey and manage-
ment of water resources; the detection
and control of erosion and pollution in
river, harbor, and coastal areas; the
observation of forest fires and the
monitoring of forestry practices; the
collection of geological information of
possible utility in mineral prospecting;
the monitoring of fishing grounds and
sea surface conditions; and mapping on
an economic and current basis (7). At
the same time, there is a recognized
need to preserve caution in promoting
the promise of earth surveys by satellite
until that promise can be validated
through experience with the first space-
craft dedicated to that purpose.

With these prospects in view, NASA
has framed a twofold earth resources
survey (ERS) program: (i) a current
aircraft phase for the testing and cali-
bration of sensors over known surface
features so as to establish data recogni-
tion patterns, or “ground truth,” and
(ii) a future satellite phase in which
systems for the acquisition of earth re-
sources data from orbit and for the
processing of such data will be devel-
oped and tested.

The prospects for international inter-
est, participation, and benefit in a suc-
cessful ERS program are obvious, par-
ticularly for the developing regions.
There are some who expect political
reservations by countries whose terri-
tories could be covered by earth-survey-
ing satellites, but there is much more
reason to discount than to emphasize
such concern (8). Those who advocate
caution in forecasting the ultimate eco-
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nomic gains are perhaps on sounder
ground. Technological success in the
acquisition of resources information
cannot in itself assure effective eco-
nomic application of that information.
Application must, of course, rest always
on imperfect social mechanisms.

In this ambivalent situation, there is
a clear call for restraint to avoid stimu-
lating other countries to premature or
excessive commitment of scarce funds
and skills. At the same time, it has
seemed desirable to signal, through ap-
propriate preliminary activities, the
prospect of a significant new aid to
national development. The principal
example of such a preparatory project
in the international area is NASA’s ar-
rangement with Brazil and Mexico in
the aircraft phase of the ERS program.
These arrangements are predicated on
the inherent economic utility of aircraft
sensing programs. They should help to
develop the skills and ground truth
necessary for the use of satellite data,
when it becomes available, but they do
not depend on the realization of satellite
techniques.

Agreements between NASA and
space agencies in Brazil and Mexico
(with participation by numerous user
agencies in all three countries) were

Fig. 2. The Italian San Marco B spacecraft being launched from a platform at sea off

signed in 1968. Implementation of these
agreements has been prompt and effec-
tive. From February to June 1968, 12
to 15 managers, scientists, and engineers
from each country were trained at
NASA’s Manned Spacecraft Center in
Houston in field work with user agen-
cies and at a special course organized
at the University of Michigan. Five
Brazilian test sites were overflown by
one of NASA’s two instrumented air-
craft in July 1969. Six Mexican sites
were overflown in April 1969. A pre-
liminary joint review of the Mexican
data took place in September 1969 in
Mexico City. The Brazilian data were
reviewed last January. Domestic aircraft
surveys are planned by both Mexico and
Brazil for 1970.

The Brazilian and Mexican projects,
in addition to the values inherent in
both, testify to the open character of
the earth resources interests of the
United States and can serve as show-
case examples of sound preparatory
activity for other developing countries.
(Brazil has, in fact, invited Indian ob-
servers to participate in the earth re-
sources program described here.) Be-
sides introducing new capabilities into
Brazil and Mexico, the efforts of these
countries and the United States together

the coast of Kenya on 26 April 1967. The satellite was designed to obtain continuous
equatorial air density measurements. The project was carried out under a cooperative
international agreement between the Italian Commission for Space Research and NASA.
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add to the variety of surface features
that have been calibrated for reference
in future satellite programs. The early
results have, according to reports, al-
ready prompted Mexico to switch from
black-and-white to color photography
in current conventional aerial survey
programs,

In the wake of the Brazilian and
Mexican agreements, Indian agencies
have undertaken a similar domestic air-
craft program, with advice and assist-
ance from NASA. An immediate prac-
tical application was identified: a coco-
nut palm blight of unknown extent had
been detected in Kerala State in India.
An Indian aircraft was instrumented
and has already surveyed the region
to map the spread of the blight by means
of infrared or color film techniques; in-
formed countermeasures can now be
taken. Technical expertise developed
through a NASA-supported university
program in the United States is being
made available.

In his September 1969 speech to the
United Nations General Assembly,
President Nixon singled out for special
mention the prospects of earth resources
benefits through space techniques. He
promised that the United States will
make the data of its future programs
available to all and will work toward
ways to provide for international partici-
pation “as this program proceeds and
fulfills its promise” (stress supplied).
The statement reflects the caution that
will be required until satellite tech-
niques are validated in the first limited
missions of 1972 and 1973 and until
subsequent satellite projects are defined
and funded which could make ERS data
available on a global and operational
basis.

Joint Satellite Programs

International cooperation of a very
different character has been extended
by NASA programs in the form of
joint satellite projects with the United
Kingdom, Canada, Italy, France, Ger-
many, and the ten-nation European
Space Research Organization (ESRO).
A dozen foreign satellites have already
been launched successfully by NASA
in joint space research efforts. An equal
number are in progress under existing
bilateral agreements. The most ambi-
tious is a cooperative project of NASA
and the German Ministry for Science
and Education. This is the $100-million
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Helios project for the preparation and
launching of two probes to within 45
million kilometers of the sun.

Germany will design, manufacture,
and integrate the two spacecraft, pro-
vide the German experiments (which
constitute the bulk of the payload),
operate and control the spacecraft from
a German control center, and provide
data to all the experimenters. NASA
will provide two advanced launch vehi-
cles of the Atlas/Centaur or Titan/
Centaur class, certain experiments, co-
ordination with Italian and Australian
co-experimenters, and the use of the
NASA deep-space network to support
the mission. The spacecraft will weigh
about 205 kilograms each and will be
launched into heliocentric orbits in the
1974-76 time frame.

The Helios project is the German
response to suggestions by a NASA
team traveling in Europe in 1965 to
propose more significant cooperative
space projects than had yet been engi-
neered. Agreement in principle was
reached in 1966; a year later, a Joint
Mission Definition Group began a 2-
year comprehensive study. The group’s
final report in April 1969 led to the
signing of a memorandum of under-
standing in June.

The Helios spacecraft impose techni-
cal requirements of an advanced charac-
ter on German industry, particularly
for the development of the on-board
power system and thermal controls,
which must cope with radiation at the
level of 11 solar constants. On-board
data-processing systems must also be
highly sophisticated. The scientific pay-
loads themselves will be contributed by
a large group of experimenters, who
represent 12 universities and govern-
ment laboratories in Germany, the
United States, Italy, and Australia.

The Helios probes are designed to fly
closer to the sun than the planet Mer-
cury—and thus to contribute impor-
tantly to an understanding of solar
processes and solar terrestrial relation-
ships. They will investigate the spatial
gradient of the interplanetary medium,
the interplanetary magnetic field, and
the density, temperature, velocity, and
direction of the solar wind. The Helios
experimenters will study discontinuities
and shocks in the interplanetary medi-
um both magnetically and electrically.
They will study in situ, as it were, the
electron plasma oscillations believed
responsible for type III radio bursts and
other wave-particle interactions, the

propagation of solar cosmic rays and
their spectral composition, the spatial
gradient of galactic cosmic rays and
interplanetary dust, and the dynamics
and chemical composition of the dust.
The x-rays emitted from the far side of
the sun will be monitored when the
probes are in or near superior conjunc-
tion with the sun. Supporting ground
observations will be made from the
earth. Finally, the Helios probes’ high
eccentricity and close approach to the
sun will provide an opportunity for
study of the quadrupole mass distribu-
tion of the sun and relativity effects. It
should also be possible to improve esti-
mates of the mass and orbital elements
of the inner planets—a task that will
require the most precise spacecraft
ranging.

As in all of NASA’s cooperative
satellite projects, Helios will be managed
by a Joint Working Group, which will
concern itself with all aspects of techni-
cal implementation but which will
focus primarily on payload-spacecraft
and spacecraft-booster interfaces. The
Joint Working Group is an important
and tested mechanism for ensuring full
and successful cooperation. Another
standard feature of the space agency’s
cooperative arrangements is that there
be no exchange of funds between the
participants; each will bear the full cost
of his agreed responsibilities.

A quite different example of coopera-
tive satellite enterprise is the French
Project Eole. The French National
Space Commission (CNES) is building
a small satellite, to be launched in late
1970 or early 1971, which will operate
in conjunction with some 500 constant-
level balloons in a pioneer program to
map the global wind circulation. NASA
will use a Scout booster to launch the
Eole satellite into a low-inclination orbit.
The French are developing and will
furnish the balloons. They will launch
these balloons, with assistance from
Argentina, in various latitudes in the
Southern Hemisphere. Each balloon wili
carry an electronic package to provide a
distinctive signal. The satellite will iden-
tify and locate each balloon, deriving
its path from a series of electronic in-
terrogations and obtaining additional in-
formation on pressure, temperature, and
balloon superpressure.

In the hope of achieving balloon life-
times of at least 90 days, the French
have supported extensive developmental
work, which has significantly advanced
balloon technology. CNES has recently
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reported that several constant-level
balloons have successfully flown for 200
days. This capability will be important
to the projected Global Atmospheric
Research and World Weather Watch
programs of the World Meteorological
Jrganization and the International
Council of Scientific Unions. Effective
systems for launching balloons in large
quantities under difficult field con-
ditions have also been developed by
the French. ’

To meet international standards for
avoiding aircraft hazards, significant
technical progress has been made to
reduce the mass of the sensing equip-
ment suspended from the balloons. In
the process, unique logic was developed
for the sensors and new procedures
were devised for testing the hazard that
the sensors might represent to aircraft
windscreens. (The Federal Aviation
Agency became an interested observer
of these tests.) The French have also
pioneered new approaches to the struc-
tural design of spacecraft, which could
reduce the rigorous environmental re-
quirements now imposed on experimen-
tal payloads. As in Project Helios, each
participant bears the costs of its as-
signed responsibilities.

The development of satellites for
marriage to U.S. boosters is not yet, of
course, within the grasp of many coun-
tries. However, another dimension is
added to the possibilities for coopera-
tion through NASA’s “Opportunities
Program.” In essence, NASA opens its
own spacecraft to foreign experimenters.
Invitations to propose experiments for
specific missions are widely distributed
both here and abroad. The responses not
only broaden foreign participation but
have the happy effect of enlarging the
body of experiments available for re-
view and selection on their merits. As
a consequence, major foreign experi-
ments fly on many of NASA’s larger
scientific satellites.

The possibilities for ground-based
experiments are equally, if not more,
important. For instance, in the early
1960’s, 11 countries built and installed
large and small ground terminals in
order to participate in the pioneer inter-
continental testing of the first communi-
cations satellites, Relay and Telstar.
These successful experiments and the
relationships engendered by them un-
doubtedly smoothed the way toward the
later organization of Intelsat, the 75-
nation consortium for satellite com-
munications.
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Lunar Surface Sample Analysis

The most recent and perhaps best
publicized example of ground-based
international cooperation is in the anal-
ysis of lunar surface samples retrieved
by the Apollo astronauts. Lunar mate-
rials from the Apollo 11, 12, and later
missions have, at this writing, been
committed to some 193 analysts, 54 of
whom represent Australia, Belgium,
Canada, Czechoslovakia, Finland,

Fig. 3. ISIS-A in position for launching
from the Western Test Range, Lompoc,
California. ISIS-A (International Satellite
for Ionospheric Studies) was launched on
29 January 1969 as the third Canadian
ionospheric satellite and the second of five
satellites in a cooperative program between
Canada and the United States. It continues
the study of the ionosphere from above
(topside sounding) successfully begun with
the Alouette 1 satellite.

France, Germany, India, Italy, Japan,
Korea, Norway, South Africa, Spain,
Switzerland, and the United Kingdom.
The sample distribution is made on the -
basis of proposals screened for their
merits. The opportunity to make pro-
posals has been widely advertised and
is open to scientists everywhere.

NASA has, in fact, opened almost all
its space program activities to interna-
tional participation. Some 20 countries
have for years collaborated in a wide
variety of scientific sounding rocket
programs, which have, for the most
part, utilized U.S. rockets. Foreign na-
tionals have participated extensively in
overseas tracking and in data acquisi-
tion. (They operate NASA stations in
Australia, Canada, South Africa, Spain,
and the United Kingdom entirely on
their own.) U.S. weather satellites carry
an automatic picture transmission
(APT) system, which permits over 50
countries to receive daily weather data
directly on inexpensive APT receivers.
Possibly the most extensive system now
extant for the international exchange of
information has been established by
NASA and ESRO. The basis for the
collaboration is NASA’s Scientific and
Technical Aerospace Reports (STAR),
in which technical reports are indexed
and abstracted every 2 weeks. NASA
and ESRO collect reports in their re-
spective geographic regions (and else-
where), index and abstract them ac-
cording to a common system, reduce
them to the same microfiche pattern,
and put the total on computer tapes,
again utilizing a common system. The
combined index and abstract outputs are
published in STAR, and the microfiches
and computer tapes are exchanged.
Thus, a single notification and abstract
program supported by ESRO and
NASA serves the European and Ameri-
can scientific and technical communi-
ties and provides ‘microfiche and com-
puter search services. The technical in-
formation divisions of both agencies
have the exchange arrangements under
continuous review in an effort to expand
and improve them.

Limits to Cooperation

The activities illustrated here require
no exchange of funds, no export of dol-
lars. Such a program of literal coopera-
tion—as distinct from an “aid” program
—assumes some capacity on the part
of the collaborating countries to under-
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take meaningful portions of any joint
effort. Clearly, such capacities will in
practice be limited by technical, eco-
nomic, or political factors. Certain of
the technical factors are relatively easy
to overcome through training programs,
which NASA offers in several forms.
The economic and political limitations
can be more difficult obstacles to co-
operation.

Indeed, the United States’ most likely
and most promising space collaborator,
Europe, is sharply restricted by low
space budgets. The combined space ex-
penditures of all “third countries” only
slightly exceed $300 million per year,
less than a tenth of NASA’s reduced
budget. Herman Bondi, director-general
of BESRO, has called it “Europe’s ha’-
penny space program.” Moreover, this
limited funding is divided among na-
tional, regional, and cooperative pro-
grams. As a consequence, although the
cooperative programs of the 1960’
were far more successful and fruitful
than might have been anticipated, they
did not extend to European participa-
tion in the central aspects of the largest
and most costly of the U.S. space proj-
ects, the manned flight program. Collab-
oration with Japan has been consider-
ably more limited, in part by budget
constraints in Japan and in part by an
earlier decision by Japan to go it sub-
stantially alone. Both these constraints
may be changing.

The other major gap in space co-
operation is found in the political arena.
Efforts to engage the Soviet Union in
joint projects date back to early con-
ferences anticipating the International
Geophysical Year of 1957-58. A brief
period of apparent progress began in

1962 with correspondence between
President Kennedy and Chairman
Khrushchev. The few coordinated

projects that the Soviet Union was then
willing to undertake have been disap-
pointing in their implementation (9).

The subsequent record contains a
long list of additional initiatives from
the United States, which range from
invitations to Soviet officials to visit
major launchings to specific proposals
for substantive joint space research
projects and operations. The most re-
cent NASA overtures have included in-
vitations to the Soviet Union to join in
the analysis of lunar samples, to utilize
the laser corner reflector positioned on
the moon by the Apollo 11 astronauts,
to send representatives to a planning
conference on unmanned Mars landers,
to coordinate the two nations’ planetary
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exploration programs, to join in the
“Opportunities Program”  described
above, and, as stated many times over
the years, to submit any proposals that
it wishes us to consider. In recent re-
marks on the Senate floor (70), Sen-
ator Pastore said:

. . . let the record not go unnoticed that
we have already tried twenty times to en-
gage the Russians in a cooperative effort
with relation to the exploration of space.
After all, as the Senator from Nevada
said not too long ago, “It takes two to
tango.” And we cannot have this coopera-
tion until Russia agrees to it. That has
been our problem right along.

Can these economic and political
gaps in cooperation be closed? With
respect to the level of western partici-
pation, in late 1969 and early 1970 the
administrator of NASA undertook a
series of visits to major foreign centers
in Europe, Canada, Japan, and Austra-

- lia to put before science ministries and

space officials the planned character of
the U.S. national space program in the
next two decades. These briefings, fol-
lowed by unprecedented opportunities
to participate in NASA planning reviews
and design studies, are intended to put
foreign officials in a position to con-
sider the implications of future U.S.
programs for their own plans and the
possibilities for major participation in
such future U.S. projects as the reusable
space shuttle and the space station (see
11). (It has also been made clear,
through the wide distribution of the
NASA report to the President’s Space
Task Group last September and in addi-
tional ways, that programmatic partici-
pation of this kind could very naturally
entail foreign astronaut participation.)

Whether these overtures will succeed
in prompting new thinking with regard
to space budgeting in Europe and else-
where in the West, so that substantial
participation can develop, will not be
known for some time. With respect to
space cooperation with the Soviet
Union, NASA continues regularly to
put new opportunities before Soviet of-
ficials. A two-way correspondence is
again under way and may, with im-
provements in the general ambience,
lead to some progress.

Summary

NASA has developed an extensive
program of international cooperation,
which opens the entire range of its space
activities to foreign participation and

benefit. The program has involved de-
veloping as well as advanced countries
in activities that are fruitful scientifi-
cally, technically, economically, and (it
may be hoped) politically. “Gaps” or
limitations in the program are found in
the areas of manned space flight and
large booster development and in coop-
eration with the Soviet Union. In the
first case, the low level of European
budgeting is the prime explanation, per-
haps reflecting Europe’s late start in the
space business and an early underesti-
mate of its values and possibilities. In
the second case, the explanation seems
to rest with Soviet political views rather
than with technical problems or any
lack of interest by the United States.
Openhanded efforts are currently under
way to raise the level of foreign partici-
pation in the space programs of the next
decade, but it is too early to estimate
their chances of major success. Public
commentary could undoubtedly assist
these efforts more effectively if it were
directed more clearly to the actual
sources of restriction on foreign par-
ticipation. Despite the restricting factors
abroad, however, there is every rea-
son to persevere with existing and
improved programs for international
cooperation.
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Cyclic Adenosine Monophosphate

in Bacteria

In many bacteria the synthesis of inducible

enzymes requires this cyclic nucleotide.

Ira Pastan and Robert Perlman

Escherichia coli contains the genetic
information for the synthesis of en-
zymes needed to utilize many substances
as sources of carbon and energy (I).
Ordinarily, however, this genetic infor-
mation is not expressed; the organisms
only make the enzymes required for the
utilization of a particular compound
when that compound (or an analog) is
present in the medium (2). For example,
two proteins are required for the utiliza-
tion of lactose: a galactoside permease,
which permits the entry of lactose into
the cell, and Q-galactosidase, which
catalyzes the hydrolysis of lactose to
glucose and galactose. (A third protein,
thiogalactoside transacetylase, is synthe-
sized coordinately with the other two;
its role in lactose metabolism is un-
known.) The addition of lactose, or a
nonmetabolizable lactose analog such
as isopropylthio-B-p-galactoside (IPTG),
to a culture of E. coli induces the syn-
thesis of large amounts of these three
proteins; in the absence of an inducer
they are present in only very small
amounts (2). Similarly, other potential
carbon sources induce the enzymes re-
quired for their metabolism. The
mechanism by which B-galactosides in-
duce B-galactosidase synthesis has
recently been reviewed (3).
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The presence or absence of inducer
is not the only factor which regulates
the synthesis of inducible enzymes.
Even in the presence of lactose or
IPTG, the differential rate of [-galac-
tosidase synthesis (the rate of enzyme
synthesis divided by the rate of total
protein synthesis) can vary greatly,
depending on the medium in which the
cells are growing. The differential rate
is high in cultures where succinate is
a carbon source, in which growth is
slow, and low in cultures with carbon
sources such as glucose, which permits
rapid growth. The repression of induci-
ble enzyme synthesis by glucose has
been known for many years and was
originally called the “glucose effect”
(4). More recently, other carbon sources
have been found to cause a similar re-
pression, and so new names, such as
“metabolic repression” (5) or “catabolite
repression” (6), have been used to
describe the phenomenon.

In 1965, Makman and Sutherland
reported that E. coli contained the cyclic
nucleotide adenosine 3’,5’-monophos-
phate (cyclic AMP) and that glucose
lowered the concentration of cyclic
AMP in these organisms (7). Cyclic
AMP has an important regulatory role
in animal cells (8), and it seemed possi-

initiatives. The latest amendment is dated 6
March 1970.

11. For an elaboration of these current efforts to
increase foreign participation and a more de-
tailed report on many elements of this article,
see testimony by the administrator of NASA,
Thomas O. Paine, in Hearings before the
Committee on Aeronautical and Space Sci-
ences, United States Senate, Ninety-first Con-
gress, Second Session, on S. 3374 (11 March
1970), Part 3: International Space Coopera-
tion.

ble that it had an equally important
regulatory role in bacteria. We postu-
lated that the repression of enzyme syn-
thesis by glucose and other carbon
sources might be due to the lowering of
the concentration of cyclic AMP by
these compounds. The addition of cyclic
AMP to cultures in which B-galactosi-
dase synthesis was repressed by glucose
or other carbohydrates largely overcame
this repression (9-11) and increased en-
zyme synthesis toward the level found in
cells grown with succinate (I2, 13)
(Table 1). The effect was specific for
cyclic AMP. Other adenine nucleotides,
such as adenosine triphosphate (ATP),
adenosine diphosphate (ADP), 5'-AMP,
and 3’-AMP, and analogs of cyclic
AMP, including 2’-deoxy cyclic AMP,
N¢,0%'-dibutyryl cyclic AMP, N6-mono-
butyryl cyclic AMP, and cyclic guano-
sine 3’,5’-monophosphate were ineffec-
tive.

A second effect of glucose is observed
when glucose is added to cultures grown
on a poorer energy source, such as suc-
cinate or glycerol, and induced to make
B-galactosidase. After the addition of
glucose, there is a transient period of
complete or almost complete repression
of B-galactosidase synthesis. The dura-
tion of this “transient repression” is
variable, but is often on the order of
20 to 30 minutes (/4-16). After the
period of transient repression, B-galac-
tosidase synthesis resumes but now at
the lower differential rate characteristic
of cultures grown on glucose. Cyclic
AMP prevents both types of repression
(Fig. 1). Therefore, both forms of re-
pression appear to be due to lowered
cyclic AMP concentrations; apparently,
the cyclic AMP concentration is lower
during transient repression.

Glucose represses the synthesis of a
number of inducible enzymes and trans-
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