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No matter how much you kno 
always more to learn. Particularly in cell 
biology, a science whose rapid and contin- 
ual evolution could make even the most 
experienced life scientist feel like a beginner. 

Today's cell biology techniques and 
tools present researchers with unprece- 
dented opportunities. Tomorrow's promise 
even more. But few investigators will have 
the time and resources to test every product, 
master every procedure, and explore every 
new possibility of this emerging, highly 
interdisciplinary science. 

That's why Life Technologies has 
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Lectinmsugar interactions 

L ECTINS arc proteins that bind 
nollcovalcntly but specifically to 
carbohydratcs. The name lcctin 

comcs from thc Latin word legere, 
which means to  choosc: diffcrent lcctins 
"choosc" to bind to  diffcrcnt carbohy- 
dratcs. Studies of lcctins have becn car- 
ricd out in numerous systcms-viruscs, 
bacteria, protozoa, slime molds, plants, 
and higher animals. Thcy wcrc first 
identified in plants but arc now thought 
to bc ubiquitous in living organisms; 
mounting evidcncc suggcsts that they 
are crucial to  cell-cell recognition. Shar- 
on and Lis review lcctin research and 
discuss insights that havc bccn gained 
regarding cell-ccll recognition in vari- 
ous normal and aberrant states, includ- 
ing normal organ and tissue differentia- 
tion and growth, normal migration of 
cells throughout the body, pathogen 
and host interactions, and metastatic 
growth of malignant tumors (pagc 
227). Lectins may work alonc or in 
concert with othcr rccognition molc- 
culcs to bring about rccognition, but, in 
cithcr casc, intcrvcntions in Iectin-car- 
bohydrate interactions could bc cffec- 
tivc in blocking infections and othcr 
pathologic proccsscs. 

Silicon microphysiometer 

A tiny bioscnsor can detect bio- 
chemical changes taking placc in 
as few as 1000 cclls in 100 nano- 

liters of fluid (pagc 243). As tllc scnsi- 
tivity of this microtcchnology grows, 
fcwcr and fcwcr cclls will bc nccdcd; 
cvcntually it may cvcn be possible to 
mcasurc biochemical changes in single 
cclls. Cclls are placed in a flow chvnbcr 
and bathed in a physiologic solution; 
thc silicon bioscnsor measures how thc 
acidity of the solution changcs (covcr). 
The solution becomes more acid whcn 
nvo breakdown products, lactic acid 
and carbon dioxidc, arc gcncratcd in- 
side cclls, and acidity thus provides a 
mcasurc of the cell's catabolic ratc. 
Parcc rt a l .  illustrate thc usc of thc 
dcvicc on a variety of coupled stimuli 
and cclls-a metabolic inhibitor acting 

on a macrophage cell line, epidcrmal 
growth factor acting on normal cpidcr- 
ma1 cells, chcmothcrapcutic drugs act- 
ing on tumor cclls, irritants acting on 
cclls of thc cyc, and antiviral agcnts 
acting on viruses that arc infecting host 
cclls. It is clcar that this bioscnsor will 
bc an important adjunct to standard in 
vitro and in vivo assays for the rapid 
scrccning of drugs and toxic substanccs 
that may, in subtle or dramatic ways, 
altcr ccllular biochemistry. 

Fungal pathogenicity 

P LANTS produce toxic compounds 
callcd phytoalexins that help to  
protect them from dangerous 

pathogens. For example, pea plants 
make a phytoalexin called pisatin that 
counters some of the cffects of infecting 
fungi. However, some infectious fungi 
fight back with a protein-pisatin de- 
mcthylase-that degrades pisatin to  a 
lcss toxic substance. Schafer et d l ,  invcs- 
tigatcd what happcns when pisatin dc- 
methylase is produced by fungi that 
normally are not pathogenic for peas 
(page 247). Thc gene for pisatin de- 
mcthylasc was transfcrred into and ex- 
pressed in a fungal pathogcn of maizc 
and into anothcr fungus that normally 
lives on dccaying organic matter. Thc 
first bccame pathogenic for thc pca 
plants; thc sccond did not. The patho- 
genicity of thc first fungus for its nor- 
mal maizc host was not cnhanced by thc 
introduction of the pisatin demcthylasc. 
The pisatin dcmethylasc gcnc appcars 
thcrcforc to  bc a ncccssary but not a 
sufficicnt gcnc for making a fungus 
pathogenic for pcas. 

Interleukin=l action 
NTERLEUKIN-2 is sccrctcd by T 
lynlphoid cclls; its production prc- 
ccdcs the prolifcration of T cclls, a 

crucial step in cffcctivc immunc re- 
sponses. Two known separate external 
signals arc rcquircd for the induction of 
intcrlcukin-2: one is thc binding of an 
antigcn or  a lcctin to thc T ccll rcccptor 
on the ccll surfacc and thc othcr is the 

binding of interleukin- 1 to a high affini- 
ty intcrlcukin-1 rcccptor. Mueggc et a / .  
havc studicd what happcns in thc nucle- 
us aftcr these induccrs have actcd at thc 
surface (page 249). Lectin binding in- 
ducts production of messcngcr RNA 
for the cIfor protein; intcrlcukin-1 in- 
ducts mcsscnger RNA for c-jun; whcn 
the c:fos and cjun proteins combine 
thcy form thc AP-1 factor. This factor 
attaches to the AP-1 site in thc promot- 
cr region of the interlcukin-2 genc, 
contributing to thc production of intcr- 
Icukin-2. Therc are many ccll types that 
rcspond to interlcukin-1, and it may be 
through AP- 1 that interlcukin- 1 in- 
ducts the pleiotropic effects in inflam- 
mation and immunity for which it is 
known. 

Hazard for fumigators 

G RAIN supplies, which can bc de- 
stroyed by insects and microor- 
ganisms, arc routincly and rc- 

pcatcdly furnigatcd. Othenvisc, crop 
dctcrioration and destruction may oc- 
cur not only whilc the grains arc still in 
thc field but also whilc thcy are bcing 
transportcd from ficld to storagc bins, 
whilc thcy arc bcing held in storagc 
bins, and whilc thcy arc latcr transport- 
ed out of storagc and processcd. 
Among the most commonly uscd fumi- 
gants arc phosphines, which arc poison- 
ous flammablc gases that smcll likc gar- 
lic. Aluminum phosphidc and magnc- 
sium phosphidc are applicd to the 
grains in pcllcts; phosphine gas is gcn- 
cratcd in a timed-rcleasc fashion (and as 
quickly as within 5 minutcs) that is 
dependent on tcmpcraturc and humid- 
ity. Gar1-y ilt a l .  rcport that cxposurc to 
phosphines altcrs thc chromosomcs of 
workcrs who apply them (pagc 251). 
Workcrs in Minnesota wcrc studicd 
both at the time of phosphine cxposurc 
and somc months later, when the h m i -  
gation "scason" had cndcd. Sizablc 
numbers of lasting chromosomc rcar- 
rangemcnts werc dctcctcd in circulating 
lymphoid cclls. Whcthcr thcse changcs 
prcsagc dcvclopmcnt of specific malig- 
nancies or  dcficicncy discascs in thcse 
individuals remains to  bc seen. 

RUTH LEVY GWER 
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Sequences and Consequences of the Human Genome 

T he sequencing of the human genome involves big money, big consequences, and big 
controversies. Within the scientific community there is the question of money 
because of the "big science" image. The cost of the genome project ($3 billion in 15 

years) is much smaller than the cost of a supercollider or of a space station, and it is 
more of a mom-and-pop store enterprise than the mass production assembly line of real big 
science. The Cystic Fibrosis Foundation has spent $120 million in the past 4 years on one 
illness, to say nothing of the other foundation and federal money spent on the same project. 
In that context a price of $200 million per year, the figure for the human genome project, 
for work that applies to many diseases and untold discoveries in biology sounds cost- 
effective. 

The benefits to science of the genome project are clear. Illnesses such as manic 
depression, Alzheimer's, schizophrenia, and heart disease are probably all multigenic and 
even more difficult to unravel than cystic fibrosis. Yet these diseases are at the root of many 
current societal problems. The costs of mental illness, the difficult civil liberties problems 
they cause, the pain to the individual, all cry out for an early solution that involves 
prevention, not caretaking. To continue the current warehousing or neglect of these people, 
many of whom are in the ranks of the homeless, is the equivalent of providing iron lungs to 
polio victims at the expense of working on a vaccine. 

Other medical applications of a genome sequence include an early warning system that 
may help individuals predisposed to diseases such as alcoholism, colon cancer, and 
depression. The early warning may allow them to avoid the problems by behavior or diet 
modification or frequent medical checkups. Family planning also will be made more 
accurate. No individual should be forced to obtain genetic information but none should be 
denied information either. 

The "sky is falling" group, who denounce the genome project, sound like they are 
paraphrasing a Woody Allen admonition by saying, "We stand at the crossroads. One road 
leads to hopelessness, the other to utter despair. We must have the courage to make the right 
decision." The potential risks from the new knowledge gained by sequencing the human 
genome appear, on close examination, to be old problems revisited. Genetic counseling 
already exists for Down syndrome, Tay Sachs, and sickle cell anemia. Personal insurance 
policies already ask for lung x-rays, heart condition tests, and information on such behaviors 
as smoking. Group insurance is available without test. Fingerprints are not 
required of the general population but are kept on file for those who commit a crime. The 
information in the genome adds accuracy and scope to many of these applications but no 
new or threatening principles. If the higher visibility of the genome project causes a 
qualitative change, then, of course, new procedures may be needed. 

A genome sequence should not be a precondition of employment, and legislation might 
be needed if that problem were to arise. However, less accurate data of the same type would 
be available today from family histories, and that does not seem to be part of current 
employment forms. If more accurate information provides temptation for abuse, action will 
be needed. 

The argument that dictators would alter genes to convert their enemies is farfetched. 
The idea that a Hitler or a Stalin would prefer the engineering of Jews into Aryans or 
capitalists into communists as cheaper or more satisfying than killing them (as they did) is 
absurd. We must be vigilant about ethical concerns but not paralyzed by outlandish 
scenarios. 

The belief of biologists that studying simple organisms such as Eschevichia coli, flies, and 
rats is relevant to human physiology and behavior has been brilliantly confirmed. But there 
are differences. One cannot extrapolate carcinogenic potency from the mouse to the rat with 
precision, and even less to the human. Some diseases involve speech and mental states 
unique to man. Sequencing the human genome puts us on the threshold of great new 
benefits and some real but avoidable risks. There are immoralities of commission that we 
must avoid. But there is also the immorality of omission-the failure to apply a great new 
technology to aid the poor, the infirm, and the underprivileged. We must step boldly and 
confidently across the t h r e s h o l d . - - D ~ ~ ~ ~ ~  E. KOSHLAND, JR. 
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sage as is the ICBM force, should one be 
issued, and may even receive it before the 
ICBM force does. It is true that, in order to 
enhance survivability, communication to the 
SSBN force is not two-way. However, as 
long as one-way communication is reliable, 
which can be demonstrated, the need to 
spend the money that would be necessary to 
obtain secure two-way communication is 
not obvious today. Finally, while Deutch 
asserts that there are "doctrinal" reasons for 
not relying on Trident, he does not tell us 
what these might be. 

Third, there is citation of the dreaded 
"ASW [antisubmarine warfare] break- 
through." No one can prove that such a 
breakthrough will not occur. The Navy 
does, however, maintain an extensive pro- 
gram designed to ensure the security of its 
SSBNs. This program is subject to compre- 
hensive, national-level oversight. The over- 
sight groups agree that there is no danger of 
such a breakthrough in the foreseeable fu- 
ture. Furthermore, even if there were to be a 
breakthrough in detection, the problems 
inherent in turning detection into kill would 
remain nontrivial. In this context, it might 
be pointed out that, while the air is certainly 

at least as tranmarent as the ocean. few 
people have cited this transparency as a bar 
to the survivability of mobile ICBMs. 

In the end, the real role of ICBMs would 
appear to be, in the words of Brent Scow- 
croft and R. James Woolsey ( I ) ,  to "aug- 
ment" the Trident force. The most impor- 
tant question about ICBM modernization, 
then, and one that Deutch does not ask, let 
alone answer, is just how large and powerful 
such an augmentation needs to be and just 
how much survivability is affordable for it 
given this role? 

MICHAEL F. ALTFELD 
Strategic and Theater Nuclear 

Wat$are Division, 
Department of the Navy,  

Washington, D C  2035&2000 

REFERENCES 

1. B. Scowcroft and R. J. Woolscy, in Atnnican Agen- 
da: Report to the Forty-First Prt-side~t ojthe United Stater 
qf Atnerica (Washington, DC, 1988). 

Deutch argues that land-based missiles 
need to be modernized for three reasons: (i) 
as a hedge against a possible Soviet antisub 
marine warfare (ASW) breakthrough, (ii) 
because ICBMs remain the most controlla- 

ble part of the triad for prompt and selective 
nuclear response, and (iii) to show "our 
dies and adversaries that the United States 
still possesses the political resolve to field a 
weapons system that . . . is considered a 
principal measure of deterrence and political 
military might." Having looked at the ASW 
problem in some detail, we remain uncon- 
vinced of the likelihood of a breakthrough 
by the mere statement of the possibility. The 
difference in promptness between subma- 
rine-launched ballistic missiles (SLBMs) and 
ICBMs is not significant. The "selective 
nuclear response" argument has some valid- 
ity, not because of "a host of technical and 
doctrinal reasons," but simply because it 
would require launching individual missiles, 
which could potentially compromise a bal- 
listic missile submarine's location. While this 
is indeed a problem, it is not insoluble. If 
land-based ICBMs are to have a role in the 
future, it will likely be related to this sugges- 
tion of selective nuclear response. The dem- 
onstration argument is unconscionable giv- 
en the high cost of the suggested Midget- 
man system and current fiscal constraints. 

In general, we found the amcle a valuable 
contribution, particularly for its discussion 
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University of Delft in The Netherlands. 
In the insert "Can Europe survive on 

chips?" Dickson calls the "mega-project" of 
Philips and the German companies a "mega- 
flopyy because, soon after it started, "Siemens 
decided it would be cheaper to buy the chips 
off the shelf fiom Japan." The aim of the 
"mega-project," which began in 1984, was 
to develop submicron technology. A 4- 
megabit DRAM (Siemens) and a 1-megabit 
SRAM (Philips) were used as "vehiclesn- 
the first commercial targets-to be on the 
market by 1989. It was anticipated that by 
that time the main competitors would have 
reached that stage. Philips and Siemens were 
minor producers of MOS VLSI memories 
(Philips being an important supplier of bi- 
polar memories), but they both had to take a 
large leap forward in a comparatively short 
time. 

From a technological standpoint, the 
"mega-project" is already a success. Of 
course there is still the problem of building 
up a strong market position. Siemens, there- 
fore, bought Japanese technology-not 
chips-in order to produce 1-megabit 
DRAMS without overloading its own de- 
velopment program. [Philips chose to devel- 

op additional products like 64K and 256K 
SRAMS, as well as a version of the latter 
using submicron ("mega-project") technolo- 
gy.] As a result, a good quantity of German- 
made 1-megabit DRAMS are now being 
sold. These are being followed by 4 mega- 
bits made with "mega-project" technology, 
so Holland will soon be known as a produc- 
er of chips 'n cheese as well as of bulbs. 

C. LE PAIR 
Secretav, JESSI-Planning Council, 

Post Ojice Box 3021, 3502 GA, 
Utrecht, The Netherlands 

Early Hominid Mating Systems 

In Table 1 of their article "Finite social 
space, evolutionary pathways, and recon- 
structing hominid behavior" (17 Feb., p. 
901), Robert A. Foley and Phyllis C. Lee 
incorrectly characterize my model of early 
hominid social systems both in relation to its 
"key behavioral features" and to its "social 
structure," listing the former as "female 
mate choice and sexual selection" and the 
latter as "pairbonds (monogamy) ." The key 
mechanism I proposed is what Darwin 

called "double selection," that is, both male 
competition and female choice and female 
comktition and male choice. Likewise al- 
tho& I discussed various hominid mating 
systems, my key argument was that ape- 
hominid speciation (and bipedalism) oc- 
curred through intense male competition by 
means of nuptial food gifts to females of 
scavenged brains and bone marrow. I ar- 
gued that, while males med to mate with 
and control several females (resulting in 
polygyny), females tried to increase their 
access to food gifts through multiple mat- 
i n g ~  (resulting in polyandry), and hence that 
the earliest hominids were to some degree 
promiscuous. 

SUE TAYLOR PARKER 
Department of Anthropology, 

Sonoma State University, 
Rohnert Park, C A  94928 

Enaturn: The Author Index to volume 244 that a 
g e s l a ~ ~ r d l a l o f t h e i - o f l "  

=bcr 1988"kvered the months July-September 
1989. nor "Avril-June 1989." as vrinted. 

Enahsn: The credit line for the photo h of the U.S. 
Ca itol building accompanying ~os~-f?Fa~ca's article 

pill of choice?" (News L Comment, 22 Seft., p. 
1319) should have read, "John Ficara/Newswcck. 
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Get the power of a VAX 
with the baphics of a Mac. 
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Accecu, popllLr sequence dahbmwa like GEN- 
BANK and NBRF-PIR. 

Geoetute eirenLr +mid map for publieation. 

Sequence analysis software 
specifically designed for Mac users. 

Your wait is over! MacVector is a 
true Macintosh program making the 
cryptic computer commands of the 
VAX" and PC obsolete. 

Completely Multi-Finder friendly, 
MacVector allows you to run any of its 
100 DNA and Protein analyses in the 
foreground or background. 

Analyze new or existing sequence 
files in all major formats from 
BIONET to Wisconsin without time- 
consuming conversions. 

Produce results in either PICT or 
TEXT formats to generate publication- 
quality printouts or slides using Mac 
desktop publishing programs. 

Don't wait any longer! Call or write 
today and find out about our no-risk 
30-day trial offer. International 
Biotechnologies, Inc., Subsidiary of 
Eastman Kodak Company, RO. Box 
9558, New Haven, CT 06535, 
1-800-243-2555, (203) 786-5600. 

MacVector is a trademark of IBI. Mac L a trademark of Apple Computer, Inc. 
AU other trademarks are the property of their respective owners. 
01989, International Biotechnologies, Inc. 
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BIBLIOGRAPHIES ON THE APPLE MACINTOSH 
Maintains a database of up to 32,000 references and builds 
bibliographies automatically in the style you choose. Works 
with Microsoft Word. MacWrite, WriteNow. and 
Wordperfect on the Macintosh. $129. 
Reviews: MacUser. Feb 1989. MacWorld. Feb 1989. 
EndLink is a companion product that allows importing 
references downloaded from online services like DIALOG 
or BRS Colleague into EndNote. $99. 

Grant Manager 
FOR IBM PC OR THE APPLE MACINTGH 
Maintains grant balances to prevent overspending or 
underspending. Prints orders on your forms and updates 
grant balances automatically. In use in more than 1000 
university departments. $425. 
Reviews: Nature, June 16, 1988. MacGuide, Summer 1988. 
Personnel Manager is a companion program that finds 
the optimal allocation of people to grants over time and 
posts charges to Grant Manager. $425. (IBM PC) 

HEMOPOlETlC CULTURE 

REAGENTS 

METHYLCELLULOSE "READY MIX": Simply add cells and 
get superior growth of CFU-E, BFU-E, CFU-GM and CFU-GEMM. 

LONG-TERM MYELOID CULTURE MEDIUM: For 
prolonged growth of the most primitive myeloid progenitors known. 

ERYTHROPOIETIN: Purified from human urine to >~IIIICJ Units 
per mg of protein. Ideal for colony assays (not for treating 
patients). 

MONOCLONAL ANTI-HUMAN ERYTHROPOIETIN: 
Neutralizes both mouse and human Epo. 

Prepared, standardized, pre-tested and used by the staff of the 
Terry Fox Laboratory, British Columbia Cancer Research Centre. 
Research use only. Available at nominal prices to facilitate 
biomedical research worldwide. For full details of these and other 
products send for a catalogue (or place an order) by contacting: 
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APPLICATION - MAIL EARLY 
Please complete this application and mail (in duplicate) 

to the Director - PLEASE PRINT. 

Deadline for Receipt of Applications Is 6 Weeks 
Prior to the Conference 

IMPORTANT NOTE 
Appl icat ions are required from a l l  
individuals participating in a Conference. 
This applies t o  the Chairperson, 
Co-Chairpersons, Vice Chairperson, 
Discussion Leaders, Speakers, Poster 
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and streaming birefringence, which charac- 
terize chain conformation. These measure- 
ments are already well known for flexible 
chains, following the work of Flory and 
many others, but they have been less suc- 
cessful in the case of more rigid polymers 
(aromatic polyamides, cellulose and cellu- 
lose derivatives, polypeptides, polymeric liq- 
uid crystals), in part owing to experimental 
difficulties. 

Tsvetkov has devoted much of his life to 
exploring such solutions, primarily using 
optical and hydrodynamic techniques. He 
belongs to the "Leningrad school," which 
has pioneered studies of polymer chain con- 
formation. This book is a valuable collection 
of contributions from Tsvetkov and his asso- 
ciates, many of which have not been readily 
available to non-Russian-speaking readers. 

Tsvetkov provides an excellent review of 
experiments and theory on this topic. He 
emphasizes the so-called "free-draining" 
state (as opposed to the non-draining case, 
where hydrodynamic interaction is impor- 
tant). This approximation, which is not 
good for coil-like molecules, becomes better 

with increasing molecular rigidity. In such 
cases, the Kuhn segment length may exceed 
that for flexible-coil molecules by an order 
of magnitude or more, leading to their 
unique hydrodynamic, electrical, and optical 
properties. This arises in part from the ef- 
fects of their rigidity on their equilibrium 
properties and thermodynamics, but largely 
from the effects of their dynamics on their 
motion in solution. The author extensively 
employs the worm-like-chain model intro- 
duced by Kratky, which gives rise to the 
concept of the persistence length as a mea- 
sure of rigidity. A strong point of the book 
is the comparison of the behavior of rigid 
and flexible molecules. 

The book presents a good discussion of 
translational and rotational motions of mol- 
ecules and their effects on viscosity, stream- 
ing, and electric-field-induced birefrin- 
gence. The presentation is "classical" and is, 
for the most part, readily understandable by 
physical chemists and engineers as well as by 
physicists. There are extensive references, 
many from the Russian literature. Relatively 
few references, however, date from after 

1983, and the book misses important recent 
work in areas like liquid crystal polymers, 
the non-linear optical properties of such 
systems, and their employment in devices 
dependent upon their high molecular an- 
isotro~v. It also would have been desirable 

1, 

to include something about the commercial 
use of rigid-chain polymers in preparing 
high-performance fibers like Kevlar" and 
blends with flexible molecules to make "mo- 
lecular composites." 

Overall the presentation is clear, and the 
translation is good. There is a good mix of 
theory and experiment accompanied by ex- 
tensive experimental details, and the book 
will prove-a useful reference. It provides an 
excellent perspective for more recent devel- 
opments. 

ROBERT E. PRUD'HOMME 
Chemistry Departmerzt, 

Lava1 University, 
Quebec, Canada G I K  7P4 

RICHARD S. STEIN 
Polymev Research Institute, 

Univevsity of  ,Vassachuretts, 
Amherst, M A  01003 

March 1931,1990 
Muinor's Inn, Elltun Bead, South Carolina 

Tox~co~og~c oata often exlst for routes of exposure other than the route by which 
humans are envlronmentallv exwsed. Tnis conference 1s concerned w~th the 
scientific issues related to route-to-route extrapolation as It is applied in risk 
assessment. 

Abstracts for posters are being solicited and will be accepted until December 15, 
1989. The registration fee for the hvo-and-a-haifday conference is $150.00. 

For more information about attendance and poster SUDmlSSlOn, contaa Janice 
Braswell. Conference Coordinator. NSI-ES. P .0  Box 12313. Research Tr~anole 
Park, NC 27709, (919) 549-061 1. 

Research Grants 
from 

The Erna and Victor Hasselblad 
Foundation 

The Erna and Victor Hasselblad Foundation will award 
grants for the year 1990 in order to promote scientific 
research and education in the field of natural science 
and photography. 

Application for grants should reach the Foundation not 
later than January 31, 1990. Application forms may be 
obtained from the Foundation. Applications received 
after the above mentioned date will not be considered. 

For the year 1990 SEK 8.000.000 (USD 1.200.000) is 
available for distribution. According to the statutes of 
the Foundation large projects will in the first place be 
considered for grants. Grants which are not 
concentrated on salaries are given priority. In principle 
medical projects will not qualify for grants. 

Grants awarded are expected to be paid out before the 
end of June 1990. 

Gothenburg in August 1989 
The Erna and Victor Haselblad Foundation 
Box 53098, S-40014 Goteborg 
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