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A BOLD LEAP in Cloning
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Vector Technology

Eukaryotic Expression
Prokaryotic Expression
Increased Cloning Capacity
12 Unique Cloning Sites:

Xho 1 and EcoR 1 for library construction

Sal 1 and EcoR 1 for antisense library construction
BamH 1 for genomic libraries

Sma 1 for blunt-ended cloning

Hind W11, Sac 1, Apa 1, Kpn 1, Spe 1, Xba 1, Not 1

e Blue/White Color Selection
e Kanamycin and G418 Selection

Stratagene has developed the most powerful Lambda ZAP®
vector® to date, the multifunctional ZAP Express™ vector,
which allows both eukaryotic and prokaryotic expression. In
addition, the ZAP Express vector offers 12 unique cloning
sites and an insert capacity of up to 12 kb.

The introduction of Stratagene’s Lambda ZAP vectors has
increased the appeal of phage cloning by providing the ability
to excise the Bluescript® SK (-) phagemid from the vector
using M13 helper phage.'-* Inserts cloned into the ZAP
Express vector can be excised rapidly out of the phage in the
form of the kanamycin-resistant pBK-CMV phagemid. This

in vivo excision feature significantly reduces the time and
effort required to analyze the DNA insert.

The ZAP Express vector now makes it possible to construct,
screen and analyze clones or ¢DNA libraries in an excisable
lambda phage vector by DNA hybridization, prokaryotic
expression or eukaryotic expression, without the need for
subcloning.

“ 1.8, Patent No. 5,128,256
Relerences:
1. Alting-Mees, M.A., et al. (1992) Strategies. Volume 5. Number 3

2. Alting-Mees, M.A., Vaillancourt, P., and Short, ].M. (1993) “Phagemids and Other

Hybrid Vectors™ in Plasmids A Practical Approach (K.G. Hardy, ed.) pp 197-223
3. Short, J.M.. et al. (1988) Nucleic Acids Res. 16: 7583-7600
1. Short, .M., and Sorge, LA, (1992) Methods Enzymol. 216: 495-508.

Stratagene’s new ZAP Express cDNA synthesis kit allows the
construction of cDNA fragments ready for directional inser-
tion. The kit is guaranteed to produce up to 2.0 x 106
pfu/5 ug of control poly(A) ¥ mRNA and includes sufficient
reagents to produce five vector-ligated cDNA libraries.

ZAP Express™ Vector Kits
Undigested Vector
EcoR I/CIAP-Treated
BAMH I/CIAP-Treated
EcoR 1/Xho 1/CIAP-Treated
pBK-CMV Vector
pBK-RSV Vector
ZAP Express™ cDNA Synthesis Kit

Catalog # 239201
Catalog # 239211
Catalog # 239212
Catalog # 239213
Catalog # 212209
Catalog # 212210
Catalog # 200403

Please call Stratagene or the Stratagene distributor nearest
you for complete details on our new systems and full line of
innovative products and services.

STRATAGENE-
(800) 424-5444

USA:

Corporate Headquarters
Telephone: (800) 424-5444
Fax: (619) 535-0034

Internet:
tech_services@stratagene.com

Germany:

Stratagene GmbH
Telephone: (06221) 400634
Telefax: (06221) 400639

United Kingdom:
Stratagene Ltd.
Telephone: (0223) 420955
Telefax: (0223) 420234

Swiltzerland:

Stratagene GmbH
Telephone: (01) 3641106
Telefax: (01) 3657707
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In hundreds of laboratories around the world,
real-time, label free BIA, the world’s first
biosensor-based analytical technology, is helping
scientists to see more of what’s going on in
molecular interactions. Used in applications as
varied as life science research itself, BIA
provides interaction data on protein-protein,
protein-DNA, DNA-DNA and protein-RNA.
Focused on speed of analysis and integrity of
data, BIA processes samples in minutes. Many
scientists claim that this capability has saved
them months, even years, of development time.
When you decide on BIA in your research you
join a world-wide community of leading-edge
researchers pushing the limits of today’s
scientific investigations. And of course you'll be
invited to the annual BIAsymposium where
leading researchers present their work prior to
any publication. The list of BIA users reads like
a who’s who of biotechnology research. Here’s
just a sample of what BIA has been doing:

SCREEN for changes in kinetic constants from
hundreds of alanine scanning mutagenesis
products
DETECT single base deletions in rapid hybridiz-
arion assays
SETTLE a patent dispute by unarguably demon-
strating distinct binding site patterns
MONITOR and characterize expression levels
measuring bioactive concentration directly from
fermentation or culture supernatant
MEASURE directly dissociation rate constants
RANK hundreds of clones by affinity from
day 3 cultures, selecting for specificity, affinity,
productivity and on and off rate characteristics
using sub-nanogram quantities and microliter
volumes, reducing monoclonal selection from a
6 month nightmare to a 3 day pleasure
CHARACTERIZE intact transmembrane receptor
systems in simple vessicle preps, showing
mechanisms of dozens of labile components,
comparing mutants, and directly demonstrating
mechanisms that have been only theories for years
ESTABLISH itself as essential in 42 out of the top
50 pharmaceutical companies, all the top diagnostic
companies and all of the major, world leading
universities and institutes, all in less than 3 years

With BIAlite™ and BIAcore™, real-time BIA is
available in a range of automation and sample
processing capabilities at a price level to fit
every budget.

If you want to see more of what’s going on
in your molecular interactions call your nearest
Pharmacia Biosensor office today.

@ Biosensor

Pharmacia Biosensor
USA 1-800-BIA-2599, France +33-1-3064 3400
Germany +48-7614 9030, UK +44-727-814 075
Japan 03-3492-9499, Australia toll free 008 252 265
Head Office: Sweden +46-18-165376
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AMPLITAQ DNA POLYMERASE

* RECOMBINANT: GREATER CONSISTENCY.
* THE MOST PUBLISHED: MORE PROTOCOLS.

* PCR PERFORMANCE GUARANTEE.
* SIZESTO FIT YOUR BUDGET.

* FORMULATED FOR SPECIFIC APPLICATIONS.

Not All Taqg DNA Polymerases
Are Created Equal.

Only AmpliTaq® DNA Polymerase comes with
Perkin-Elmer’s track record in quality, reliability
and innovation for PCR applications. Only
AmpliTaq DNA Polymerase comes with optimized
protocols and our commitment to help you succeed
in your PCR research. This integrated approach
is the only way to guarantee PCR performance.

By combining our expertise and experience
in PCR instrumentation, reagents and technical
support, we offer unique systems that enable you
to use a selection of PCR enzymes to address
your specific applications. To meet your budget,
AmpliTaq DNA Polymerase now comes in a variety

of sizes, including economical multipacks.

AmpliTaq DNA Polymerase, The enzyme of
choice for PCR. In the U.S., call 1:800-327-3002-t0
order. Or call 1-800-762-4001 for PCR technical sup’
port. For a copy of our new Guide'to PER-Enzymés,
call Perkin-Elmer at 1-800-762-4000-Outside the

U.S., contact your Perkin-Elmer sales representative.

~ERKIN ELMER

Eurcpe Vaterstetten, Germany Tel: 49-8106-381-115 Fax: 49-8106-6697
Canada Montreal, Canada Tel: 514-737-7575 Fax: 514-737-9726

Far East Melbourne, Australia Tel: 61-3-560-4566 Fax: 61-3-560-3231
Latin America Mexico City, Mexico Tel: 52-5-651-7077 Fax: 52-5-593-6223

Perkin-Elmer PCR reagents are developed and
manufactured by Roche Molecular Systems, Inc., @
Branchburg, New Jersey, U.S.A.

Perkin-Eimer is a registered trademark of The Perkin-Eimer Corporation. AmpliTaq
is & registared trademark of Roche Molecular Systems, Inc. The GeneAmp PCR process
is covered by U.S. patents owned by Hoffmann-La Roche Inc. and FHottmann-La Roche Ltd.
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Keeping pace with the ability of bacteria to become
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See us at Experimental Biology
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Two new Micro Centrifuges that make
your work faster, easier, and safer.
One has refrigeration. The new Model 5402 Refrigerated

Micro Centrifuge spins heat-sensitive samples at temperatures
as low as -9°C,* bringing the cold room to your benchtop.

Both control aerosols. The refrigerated model and the new
Model 5415C Micro Centrifuge both use new, easily inter-
changeable rotors with lids for added quiet, convenience,
and safety.

Call 800-645-3050; in New York, 516-334-7500, for more
information. Or write Brinkmann Instruments, Inc.,
Cantiague Road, Westbury, NY 11590. (In Canada:
416-675-7911; 50 Galaxy Blvd., Rexdale, Ont. MOW 4Y5)
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TH1S WEEK IN SCIENCE

2]

edited by PHIL SZUROMI

Cluster couplings
Studies by Wang et al. (p. 402)
of some unusual copper oxide
clusters give some insight into
the effect of bond geometry on
the magnetic interactions be-
tween coppet spins. They used
bulk magnetization measure-
ments and magnetic neutron
diffraction BaCuQ,,,, which has
a large unit cell in which the
copper atoms exist as lone ions,
as 6-atom ring clusters, and as 18-
atom spherical clusters. The clus-
ters, which have Cu—O—Cubond
angles near 90°, have ferromag-
netic ground states. In the par-

ent compounds of the high-tem-
perature superconductors, where
the Cu~O-Cu bond angles are
near 180°, antiferromagnetic
coupling is observed. Buckling of
CuQ, planes may influence the
magnetic ordering in high-tem-
perature superconductors.

Rules of iron
Earth’s iron-rich outer core is
molten, whereas the inner core
is solid. The phase relations of
iron at high pressures and tem-
peratures are critical for discern-
ing the conditions and evolu-
tion of Earth’s deep interior.
Recent diamond-anvil studies
suggest that the melting tem-
perature of iron at high pres-
sures was less than that inferred
from earlier work. Saxena et al.
(p- 405) present new data con-
sistent with this result and use
the expanded data set to place
limits on core temperatures and
iron phase relations, which im-
ply that the central core tem-
perature is about 6150 K.

Cell cycle regulation and tumorigenesis

General strategies for developing antitumor drugs require the
identification of oncogenes or tumor suppressor genes common to
many types of transformed cells. Cell cycle regulators are natural
candidate genes in that uncontrolled division is a common feature
of cancer cells. Kamb et al. (p. 436; see news story by Marx, p. 344)
localized a putative tumor suppressor locus on the short arm of
chromosome 9 (the human 9p21 region) to a region of less than 40
kilobases by examining homozygous deletions in melanoma cell
lines. Sequencing revealed the presence of a gene, Multiple Tumor
Suppressor 1 (MTSI) that encodes the previously identified p16
inhibitor of cyclin-dependent kinase 4. This gene was found to be
homozygously deleted in primary tumors and in cell lines derived
from tumors in numerous tissue types, including brain, bone, skin,
and kidney. Melanoma cell lines containing at least a single copy
of MTS1 frequently carried mutations in the gene.

Air brakes
Geodesy from space is accurate
enough to allow changes in the
Earth’s rotation period to be
measured with almost microsec-
ond accuracy, and at this tem-
poral level variations due to the
transfer of angular momentum
between the body of the Earth
and the atmosphere start to
show up. Salstein and Rosen (p.
407) combine length-of-day
measurements with calculations
of the atmospheric angular mo-
mentum based on wind and air
pressure data to show that
weather systems in mountain-
ous regions are largely respon-
sible for the dynamical link be-
tween Earth and its atmosphere.
Torques along the north-south
ridge of the Andes are particu-
larly important.

Not really stable
Planetary atmospheres are
marked by global circulations
and local vortical motions, but
it has been thought that in a
suitably long-term, spatially av-
eraged sense, atmospheric fluid
flow patterns are isotropic.
McWilliams et al. (p. 410) per-
formed high-resolution com-
puter simulations of a represen-

tative cubical box of a typical
planetary atmosphere. They
found that although vortices
initially form and move about
in a random or chaotic manner,
giving the illusion of statistical
isotropy, the system evolves to
long-term stability marked by
the localization of vortices into a
fixed geometrical arrangement.

B

Putting up
magnetoresistance
The electrical resistance of some
materials changes as a magnetic
field is applied, in some cases by
orders of magnitude. This giant
magnetoresistance (GMR) ef-
fect is of intrinsic physical in-
terest but is also being explored
for applications in magnetic data
storage. Jin et al. (p. 413) fabri-
cated epitaxial La-Ca-Mn-O
films that exhibit magnetoresis-
tance ratios at 77 K that are
three orders of magnitude
greater than those of conven-
tional GMR materials. The films
were made by laser ablating a
target of La-Ca-Mn-O onto an
LaAlO; substrate. The film
growth could be optimized to
produce a magnetoresistance
ratio greater than 100,000 per-
cent. The authors conclude that
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the mechanism for this effect in
these single-phase oxide films is
different from thatin GMR. Bet-
ter control of the material pro-
cessing may make these films
technologically useful.

[}

Higher frequency
The frequency of polyploidy in
angiosperms has been estimated
by various means to be between
30 and 70 percent. Masterson
(p. 421) has reexamined the
question by studying the size of
guard cells in fossil angiosperms.
Because DNA content varies di-
rectly with guard cell size, they
are able to estimate that 7to 9 is
the primitive haploid chromo-
some number. By extrapolation,
70 percent of extant angio-
sperms have polyploid origins.

8]

Microsatellite images
Microsatellites are tandem re-
peats of short nucleotide se-
quences and are present in
thousands of copies dispersed
throughout the mammalian ge-
nome. The variation in the size
of microsatellites has been use-
ful for researchers who map ge-
nomes as a source of restriction
fragment length polymorphism.
Gaillard and Strauss (p. 433)
report that double-stranded
DNA fragments containing
one of the most frequent micro-
satellite sequences spontane-
ously associate into four-
stranded structures that appear
X-shaped under the electron
microscope. Such four-stranded
structures have been suggested
to participate in recombination
and in conformational changes
in DNA. In addition, these
structures bind specifically to the
abundant nuclear proteins
HMG (high mobility group) 1
and HMG 2 whose functions
are unknown.
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The Netherlands
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Fax: (0) 5945-15312

DISCOVER How
Fast and Easy it is to

QuANTITATE Nucleic Acid.

How FAsT is FasT?

The DNA DipStick gives you results in 10
minutes. Now that’s fast! It's hours faster
than electrophoresis or radioactive assays.
The simple DNA DipStick protocol requires
no agarose gels or spectrophotometry and
eliminates the use of ethidium bromide and
radioactivity.

WE'RE SENSITIVE, TOO.

The DNA DipStick is so sensitive it uses
five times less DNA for quantitation than
spectrophotometry and ten times less than
EtBr staining. That’s plenty sensitive to mea-
sure nucleic acid concentrations and yields
associated with techniques such as mRNA
isolation, PCR, plasmid preparation and more.

Toll free Telephone Numbers
The Netherlands 06-02208848
Belgium 078-111173
Germany 0130 8100 43
Switzerland 155-1966
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France 0590 72 49
Sweden 020 793149
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SYSTEMS

Spot 1 ul of RNA, DNA, or
oligonucleotides on the
membrane. Allow to dry.
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Prepare DipStick for coupl
ing by incubating in wash
solution.

o

6 Min.

Transfer the DipStick to
coupling solution.

| 1 |

12| 10 Min.

- 3

Wash the DipStick, then
transfer to the developing
solution.

(@D DNA DIPSTICK™ Sy

Compare spot intensities to
standards. Keep as a perma-
nent record of your results.

|l Tel: 39-238103171
o Fex 39238101465

Japan
1L Tel: 81-356841622

JJ Fax 81-356841633

TRy it ToDAY!

Each DNA DipStick™ Kit contains all the
reagents necessary to carry out 50 indepen-
dent quantification assays (up to 150 sam-
ples). Discover how quickly you can quanti-
tate nucleic acid. Call today and ask for the
DNA DipStick™ Kit, catalog no. K5632-01.

Try it and if it's not the fastest, most sensi-
tive way to quantitate nucleic acid, we'll
cheerfully credit your purchase.

3985 B Sorrento Valley Blvd.
San Diego, CA 92121
1-800-955-6288

FAX 1-619-597-6201
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Our new Short Gels, combined with our ALF" DNA 700 microsatellites

sequencer, bring you your microsatellite analysis results in per day. The sort of speed reading that makes

record time. Short Gels produce results faster — in half the all other systems seem illiterate.

time other sequencers take — with a consequential increase Pharmacia Biotech

in throughput capacity. puts time on your side. &
With Short Gels, using 3 different size windows, in PharmaCIa

40 lanes with 6 runs per day, you can analyze over B|Ot90h
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bet A Lead On The
Competition.

Hfter all is said and done, one truth prevails in this business: without leads, you don’t survive. At

Panlabs, discovering leads is our business. For immediate fax back information on our Natural
Products Discovery, Pharmacology, Chemistry, Fermentation, Biotechnology services or Antibiotic

Clubs, call 503-727-8071.

PANLABS®

The R & D partner of the pharmaceutical industry
Panlabs, Incorporated 11804 N. Creek Parkway S., Bothell, WA 98011-8805 U.S.A. Tel: (206) 487-8200 Telex: 517335 (PAN LABS SEA) Fax: (206) 487-3787
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If the Solution to Your Purification

Proble

The New Rotofor® System
is the Solution to Any
Purification Challenge

With the New Rotofor system, any
biologically active protein can be
completely purified from crude or
partially purified samples in just a few
hours. Fractions can be assayed
directly for activity, so there is no
need to know the isoelectric point or
molecular weight of a protein

prior to purification.

pH pH
0A 451 B 7
Hy~——
‘“@
3 4 = 6

3 57 9 11131517198 § 11 13151719

Crude snake venom (150 mg) was fractionated in the
Standard Rotofor chamber (60 ml; pH range 3-10). The
protein of interest was isolated in three fractions which
were refractionated in the Mini Rotofor chamber (18 ml;
pH range 5-7). Twenty fractions from both runs were
analyzed for purity by silver stained IEF-PAGE. Panel A.
Initial fractionation (odd lanes are shown). Lane S. Crude
snake venom (arrows indicate protein of interest).
Panel B. Refractionation resulting in single band purity.

What better tool is there for purifying
uncharacterized proteins for sequence
analysis, antibody production, or
crystallography? None!

The Rotofor system allows you to:
¢ Separate proteins according to their
individual charges

* Load micrograms to 4 grams

* Harvest purified proteins in
20 liquid fractions

¢ Isolate and concentrate proteins
simultaneously

Introducing the New
Mini Rotofor Cell

The Rotofor system now has two
interchangeable focusing
chambers—Mini and Standard.
Together these chambers
accommodate a wide range of
sample volumes. The Mini
chamber is ideal for small
samples and refractionation.

Were Any Closer

¢ Gentle technique maintains
biological activity

¢ Minimize dilution of
precious samples

* Collect purified proteins in 700 pl
to 3 ml fractions

* Perform micropreparative
applications

We have the antidote! For more

information about purification of

snake venom proteins and other

Rotofor system applications,

call 1-800-4BIORAD.

Bio-Rad
Laboratories

Life Science Group

(US) (800) 4BIORAD = (AU) 02-805-5000 « (AT)(1)-877 89 01 » (BE) 09-385 55 11 « (CA) (905) 624-0713 « (CN) (01) 2563148 » (FR) (1) 49 60 68 34 « (DE) 089 31884-0 = (IT) 02-21609 1 »

(UP)03-3534-7515 » (HK) 7893300 + (NL) 08385-40666 + (N2)09-443 3099 + (SB) (65) 443 2529 + (ES) (91) 661 70 85 + (SE)46 (0) 8-735 83 00+ (CH)01-810 16 77 « (GB) 0800 181134
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Half-Day DNA.
And That’s Just
The Half Of k.

jethylphosphoramidie
- 05¢g

Synthesizing primers, probes, linkers, or gene frag- chemisiry can be deprotected in only 15 minutes at 55°C
ments@ Cut your time —and your reagent use — in half or 2 hours at room temperature.
with the Millipore Expedite” Nucleic Acid Synthesis But speed is just half the story. The Expedite system’s
System. patented microfluidics plate provides for extremely low

For instance, a pair of 20-mer PCR primers can be infernal volume. Reagent delivery to the column is cut by
synthesized in about an hour and worked up in about as much as 50% over other systems. So, you get more
15 minutes, so you can sfart using your new DNA couplings per chemisiry changeout; more DNA
before noon. synthesized per dollar.

How'’s that possible? Because no matter how Now you've got the whole picture. Just give us a call
many columns you're running —1, 2, 3, or 4—the and we'll send you more information, expeditiously.

In the U.S. and Canada 1-800-872-0071.
In Japan (03) 3471-8191 and Europe (44)

' MILLIPORE

fotal cycle time is under 4 minutes. The Expedite
system'’s exclusive alternating phase synthesis allows
columns to act independently, so each is always
synthesizing.

Expedite reagents speed things along further.
Oligonucleotides made with Expedite brand

Circle No. 26 on Readers’ Service Card



Nothing Gan Rival
{1 Human bouy For

patented femperature recovery system, our new
Micubators have the shortest recovery time of any
incubatoR This means they'll give you more usable culturing time
and incréised cell yields.

New Napll& incubators are also easy to clean, provide superb

contaminafioh control and are an exceptional value. Contact us
for our FREE Hupco

product gui _ .: N 0 p

The Name Says It All™

: I

£

B ‘; ‘
‘PR8ESion Scientific Inc. 3737 W. Cortland St., Chicago, IL 60647

(800)621-8820, Fax: (312)227-1828
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_Smile! Renaissance’ non-rad DNA labeling kits
give you reproducible results, not high backgrounds.

Are you repeating experiments * Sensitive HRP4uminol systems for colony plaque  DuPont gives you a choice
just to reduce backgrounds? : 4 lifts and Northem, Southern, and Westem blots.  of radioactive and now
Then look into Renaissance™ - ‘ * Results in minutes. Renaissance non-radioactive

non-radioactive DNA ¢ Guaranteed one-year sheff life. labeling and detection
labeling and detection : o Backed by full protocol and comprehensive products. For information,
products from DuPont NEN® | w0 technical service. or orders call 1-800-551-2121.
And get low backgrounds HNEE0C  Wmnseon el o Now available: Random Primer Fluorescein dUTP  For information by fax,

and reproducible results the 1.8 g Mol total RNA Labeling Kit and Oligonucleotide 3' End Labeling kit call 1-800-666-6527 and

first time, and every time. e ;‘;ﬁ’,ﬁ;}-’;ﬁ,ﬁ‘,’,’ﬁ'ﬁ;" B0 (Fiuorescein ddUTP). request number 9002.
labeled GAPDH.

All DuPont products are manufactured under an ISO 9001 quality system registered by UL and approved by BSL
United States 1-800-551-2121 « Canada 1-800-387-8391 « Australia +61 (008) 257149 « Belgium +32 (02) 7242717 ®
Denmark +45 31606610 » France (01) 6982 5450 » Germany +49-6172-872600 » Italy (02) 25302 481/483

Japan +81 (03) 5421-1354 « Latin America/Asia Pacific Fax +1 (617) 426-2464 « Netherlands +31 (073) 206550 -
Sweden +46 (08) 7503700 « Switzerland +41 (01) 8410330 « United Kingdom +44 (0044) 438724027 DuPont NEN




CUSTOM DNA SYNTHESIS

PURE & SIMPLE

‘)19
@ Price
aslowas plus set up
+
@ Superb Technical Support
+

@® Impeccable Quality
+

@® World’s Fastest Service

MIDLAND

THE UNDISPUTED #1
CUSTOM DNA SYNTHESIS SERVICE
THE MIDLAND CERTIFIED REAGENT COMPANY
3112-A West Cuthbert Avenue
Midland, Texas 79701
Phone 1-800-247-8766 FAX 915-694-2387
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FLUORESCENCE POLARIZATION
AT LOW COST

FPM-T"/FPM-1" SYSTEM
e HIGHLY PRECISE—LESS THAN 1MP STANDARD DEVIATION
e HIGHLY SENSITIVE—ACCURATE AT 10"' M FLUORESCEIN IN
THE POLARIZATION MODE DOWN TO 107'®* M FLUORESCEIN IN
THE INTENSITY MODE
VARIABLE READ TIME FOR ULTRA HIGH PRECISION
USES DISPOSABLE 12X75 MM GLASS TEST TUBES
4 STATIC MODES OF MEASUREMENT
4 KINETIC MODES OF MEASUREMENT
AUTO BLANK SUBTRACT
99 USER PROGRAMMABLE PROTOCOLS
RS232 AND/OR HARD COPY OUTPUT
FPM-1 SYSTEM INCLUDES: COMPUTER, SUPER VGA MONITOR,
KEYBOARD, PRINTER AND CABLES. MSDOS AND JOLLEY
DATA REDUCTION SOFTWARE INSTALLED. (A COMPLETE
TURN-KEY SYSTEM)

FOR FURTHER DETAILS CALL, FAX OR WRITE TO
JOLLEY CONSULTING AND RESEARCH, INC.

34469 N. CIRCLE DR., ROUND LAKE, IL 60073

(708) 548-2026 = U.S. & CANADA 1-800-685-0401 = Fax (708) 548-2025
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The only animal model providing
primary and metastatic growth
of intact human tumors closely
paralleling the human

clinical course.

Discovery of Effective Drugs
; Demands
,//? Effective Drug Dlscovery

__ M \
\ MetaMouse

3

INCER
NCORPORATED

7917 Ostrow Street
San Diego, CA 92111
TEL: (619) 654-2555
FAX: (619) 268-4175

2 dmn
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HUMAN FRONTIER SCIENCE PROGRAM (HFSP)
Bureaux Europe, 20 place des Halles, 67080 STRASBOURG Cedex, FRANCE

Tel: (33) 88 21 51 21 Fax: (33) 88 32 88 97 or (33) 88 32 54 47

CALL FOR APPLICATIONS FOR 1995 AWARD YEAR
(Deadline for receipt of applications is 1 September 1994)

The aim of the Human Frontier Science Program (HFSP) is to promote, through international collaboration, basic
research to elucidate the complex mechanisms of living organisms, including man. Applications are solicited for the
support of research grants, fellowships and workshops in the areas set out below

RESEARCH AREAS OF THE HFSP
Basic Research for the Elucidation of

(B) Brain Functions (M) Biological Functions through
Molecular Level Approaches

1. Elementary Processes
2. Perception & Cogpnition 1. Expression of Genetic Information
3. Movement & Behavior 2. Morphogenesis
4. Memory & Learning 3.  Molecular Recognition & Responses
5. Language & Thinking 4.  Energy Conversion

TYPES OF SUPPORT

The program will only support research that transcends national boundaries. Thus, research grants will be
awarded for programs that involve collaboration between teams in different countries; fellowships are available to
young post-doctoral scientists who wish to work in a different country; and support will be provided for international
workshops.

RESEARCH GRANTS Grants for basic research (up to 3 years) carried out jointly by research teams in different
countries. The principal applicant must be from one of the eligible countries™.

FELLOWSHIPS Long Term (7- 2 years) and Short-Term (up to 3 months) Fellowships for researchers
early in their careers and from the eligible countries* who wish to do post-doctoral
research in foreign countries, or for young researchers from outside the eligible countries
who wish to do research in one of the eligible countries*.

WORKSHOPS Grants for international workshops organized by researchers from the eligible countries.

* Current eligible countries are Belgium, Canada, Denmark, France, Germany, Greece, ltaly, Japan,
Luxembourg, the Netherlands, the Republic of Ireland, Spain, Switzerland, the UK and the USA .

RESEARCH GRANTS AND LONG-TERM FELLOWSHIPS : APPLICATION DEADLINE IS 1 SEPTEMBER 1994
(awards to be announced in April of the following year)

Applications for Short-Term Fellowships and Workshops can be submitted throughout the year

Guidebooks and application forms will be available in mid-April 1994 and may be obtained upon written request
by addressing the form below to the HFSP. Applications using previous year's forms are not accepted.

Surname First name (d  Research Grant
Institution J  Long-Term Fellowship
Postal Address d  Short-Term Fellowship

O  Workshop

(Please check boxes to indicate which program
you are interested in)




XX 1IDT who says

INTEGRATED DNA TECHNOLOGIES, INC. science has to
be serious?

Chalk Up Another One:
$2.50 | Base The Best of Sidney Harris,
by Sidney Harris

No matter when you made the discovery that Sidney Harris

Unmodified Oligonucleotides

0.2 mg (5.0 A, U) Guaranteed

No Set-up Fee is the Nobel laureate of laughs, you'll want this new
- collection. This “best of the best” book spans Harris's
Column Purified 25-year (so far) career, and features such all-time
48-Hour Delivery favorites as the miracle cartoon, peer review,
L. . the sperm bank robbery, the periodic -
No Shipping Charge (in U.S.A.) table (Greek style), theories and ~ ~ -
Q.C. by Gel Electrophoresis proofs, Bunsen’s bumer. and
) ) Pavlov's cat. ,
Mixed Base Sites Available #92-28S, ISBN 0-87168-501-9; 1
146 pages, softcover. ’
" To order by fax, please provide: Only $10.95
To request additional g o 0. rcher name and phone (AAAS members $8.75)
information or a number
catalog; orto set-upa M Order contact name and phone Ord from:
Seminar at your B gl;)mb'er d Billing Add AA:Sr g’g?r)llbl:g?n Center
site please callour g STEPAINE SACBIlling resses P.O. Box 521 \
Technical Support Team g Sequence, indicate 5' end and Annapolis Junction, MD 20701 e , i
at: any modifications ‘ That's 1t? That's peer review?
Ac(ijd $4‘Oggzsta?e/handhn(g: perd GST f aopicable T
- . - \ S t T icab der b
800-328-2661 Fax: 319-645-2921 Sﬂgen“e 3%3%‘533&%@55%5"1.soo.'zzaé’%’é’gg (.30 am-5pm
and ask ror .
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For the Ordinary

and the BExdraordinary

in Peptides

For all your Peptide needs

contact STAR Biochemicals,
a recognized leader In Peptide Chemistry & Development.

We speclalize in Custom Syntheses, Catalog Peptides
and Peptide Bullding Blocks.

Call STAR Blochemicals at (800) STAR 661 or (800) 782-7661 for a copy of our catalog.
SEVERAL NEW PRODUCTS IN STOCK - Please Inquire

A STAR Biochemicals
NV/ER\ An Operating Unit of Mallinckrodt Specialty Chemicals Company
N Thoo Shan o the 90's
20916 Higgins Court * Torrance, CA 90501
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“Here’s why GELase” may replace
Nal/glass bead kits for purifying DNA
from LMP-agarose gels.”

7 reasons that you can easily check for yourself...

1. Recovery of DNA is about 100% using GELase.

Nal/glass bead kits give about 50% recovery for 2-15 Kb
DNA (see figure) and much less outside of that size range.

A B
12345678 91011121314151617 181920

Kb: 877 7.33 624 534 425 237 211 195 170 1.21

Recoveries of 1.2 to 8.8 Kb DNA fragments excised from a 1% LMP-
agarose gel (Figure A) were consistently much greater using GELase
(Figure B, odd numbered lanes) than using a commercial kit containing
sodium iodide and silica matrix (Figure B, even numbered lanes).

2. High molecular weight DNA, even megabase

DNA, is not damaged using GELase.

DNA larger than 15 Kb is sheared using Nal/glass bead
kits.

3. GELase is easy to use.

Just melt the gel slice with GELase Buffer, add GELase
and incubate at 45°C to digest. To concentrate the DNA,
add ethanol. The gel digestion products are soluble and
won't precipitate with the DNA.

4. GELase is inexpensive.

One unit of GELase digests 600 mg of a 1% LMP-
agarose gel in 1 hour in GELase Buffer. With a 10-hour
incubation instead of 1 hour, the 200-unit size of GELase
is enough to digest more than a KILOGRAM of a 1% gel.

. DNA purified using GELase is ready to use and

hiologically active.

Some companies recommend two rounds of purification
with a Nal/glass bead kit to obtain DNA for cloning. That's
not necessary with GELase. DNA recovered using GELase
is ready for use in restriction mapping, cloning, labeling,
sequencing or other molecular biological experiments.

. GELase is active in electrophoresis huffers.

It digests gels in TAE, TBE, MOPS and phosphate buffers.
Special Nal/glass bead kits are needed for gels in TBE
buffer.

. Protocols for using GELase are the same for

RNA as for DNA.

GELase is RNase-free and active in MOPS or phosphate
buffers that are used for RNA gels. In contrast, a special
version of Nal/glass bead kit is needed for purification of
RNA.

What is GELase?

GELase is a novel enzyme preparation that digests the
carbohydrate backbone of agarose into small soluble oligo-
saccharides, yielding a clear liquid that will not become
viscous or gel even on cooling in an ice bath. It permits simple
and quantitative recovery of intact DNA or RNA from low
melting point (LMP) agarose gels. GELase contains no
contaminating DNase, RNase or phosphatase.

*GELase is a trademark of EPICENTRE TECHNOLOGIES, Madison, WI.

EPICENTRE TECHNOLOGIES

1202 Ann Street
Madison, WI 53713
800/284-8474

...when you need to be sure of the quality

Australia: Andiomeda Scientific 02/4181684  Austria: Viennalabs 74040190  Bemehoc Biozym Nederland BV. 3145/327-755  Canada: Cedarlane

Laboratories 905-878-8891, 800-2685058  France: TEBU, SA 1/34-8462-52

Germany: Biozym Diagnostik GmbH 5152/2075  lsrael: ORNAT 08/406530

ltaly: SPA-BioSPA Division 02/891391  Japan: Bokusui Brown Co,, Ltd. 06/441-5103 or; Cosmo Bio, 03/36630722 Korea: LRS Laboratories, Inc. 82-2/9248697
New Zealand: Intermed Scientific Ltd. (6494431284  Norway, Denmark, Finland, leeland: MedProbe AS. 4722200137  Pakistan: Commodore Business
Int! 9242361498 Singapore: Scimed PTE Ltd. 65/266-1884 Spain: RAMON CORNET, SA. 343/237-5562 or; ECOGEN SRL. 34-3/4560607 Sweden: Bio-
ZacAB. 058360374 Switzerland: InotechAG. (057/26-1100 Taiwan: Protech Technology 2/381-0844  United Kingdom: Cambio 223/66:500

SequiTherm is a trademark of Epicentre Tecbnologies, Madison, WI.

For other countries, please contact EPICENTRE TECHNOLOGIES at Tel. 608/277-8474 or Fax 608/277-1268.
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STRUCTU*

Anti-ISGF3, PROTEINS

Western blot.

PROTEIN Kin

TYROS’“

KINASES

5oy

Transduction Laboratories inEurope. contac

AFFINITI

Anti-inducible
Nitric oxide synthase (NOS),
Immunofluorescence.

MAP Kir&

pathway

3HOSPHA’ES

SUBSTRA "!g

SH 2 - DOMAINE

In Japan, contact
FUNAKOSHI CO., LTD.

1 '800-227-4063 Research Products Limited Telephone: 81-3-5684-1622

Telephone: (+44)602-436100 ' Fax: 81-83-5684-1633

Telephone 606-277-1399 Facsimile: (+44) 602-436300

Facsimile 606-276-2251
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OXFORD BRINGS YOU

THE WORLD

OF SCIENCE

THE LEFT HAND
OF CREATION

THE ORIGIN AND
EVOLUTION OF THE e s
EXPANDING UNIVERSE I CHEATION
John D. Barrow and Joseph Silk .

"Covers an enormous range of material in rel-

atively few words...A reliable and tough-mind- [ _". . .

ed guide to the latest ideas about genesis.” :
—Timothy Ferris, r 4

The New York Times Book Review

"A splendid book... The reader who demands
a mind-stretching survey of the creation of the
universe, without losing authority and accura-
¢y, need look no further.”

—~Paul Davies, The Times Higher Education Supplement
288 pp., 27 illustrations, paper $10.95, cloth $23.00

IN OUR OWN
IMAGE

BUILDING AN

ARTIFICIAL PERSON

Maureen Caudill

“Marches resolutely through the latest
research in robot vision, locomotion, hand
and arm movement, task leaming, problem
solving, understanding and speaking human
language, and sensing the environment.
Caudill is a lucid writer, and In Our Own Image
achieves a commanding perspective on the
field of robotics."—The Los Angeles Times
256 pp., 33 illustrations, paper $13.95

THE FACTS OF
LIFE

SCIENCE AND THE

ABORTION CONTROVERSY
Harold J. Morowitz

and James Trefil

“A remarkable book on several levels, not the
least of which is that Morowitz and Trefil are
scientists and science writers who write in an
accessible, provocative, and wonderfully frank
way about a difficult subject—abortion...An
essential piece of literature.”

—The Los Angeles Times Book Review

192 pp., 17 illustrations, paper $8.95

TALES OF THE

EARTH
Charles Officer and Jake Page

“Exceptionally lively...From hundreds of mil-
lions of years ago to this summer, from
droughts and ice ages and volcanos to the
black plague, Officer and Page prance from
topic to topic across the aeons, providing an
irresistable combination of history, speculation,
humor and ‘hard science’ explanation.”

—The Washington Post Book World

240 pp., 55 illustrations, paper $10.95

JUNN 1. BARTOW & JUSEPH SILK

JUELEFT HAND

VHE ONIGINAND EYULUTIOL
e

OF THE RAPANDING UNTVPRSE

NIELS BOHR’S
TIMES,

IN PHYSICS, PHILOSOPHY,
AND POLITY

Abraham Pais

“Pais tells the full story in his usual deeply
informed, crisply informative and yet com-
fortably informal manner....Beautifully lucid
and convincingly authoritative."—Nature
“Magnificently executed...Pais has seemingly
done the impossible: he has bridged the
irreconcilable combination of myth and
humanity, and in the process he has con-
tributed massively to the Bohr legend... This impressive book is readily
accessible to any educated person."—American Journal of Physics

604 pp., 44 illustrations, paper $17.95

THE TRIUMPH OF

THE EMBRYO

Lewis Wolpert

With illustrations drawn by

Debra Skinner

“This is a clear and engagingly written book,
recommended certainly to nonspecialists, but
also to developmental biologists who wish to
see how a senior figure in the field can bring
order to a chaotic subject without forcing his
opinions on the reader. Above all, Wolpert
loves his subject and cannot help but share
his enthusiasm with us."—Nature

224 pp., 90 illustrations, paper $12.95

ECHOES OF THE =
ANCIENT SKIES eneox

THE ASTRONOMY OF ANCIENT
LosT CIVILIZATIONS

E. C. Krupp

"'A grand book."—Publishers Weekly
"Beautifully produced, profusely illustrated....lt
should be read by anyone even remotely
interested in the long saga of the universe's
profound and lasting influence on mankind’s
development."—New Scientist

400 pp., illustrations throughout, paper $13.95

Tbe
SkiEs

Astramomy

Last

Cirilizations

E-C-KRUPP

THE PARTICLE
EXPLOSION

Frank Close, Michael Marten,

and Christine Sutton

“The Particle Explosion, with its stunningly
evocative photos of the world of the infi-
nitely small, together with its disarmingly
lucid text...shows us the tools that physicists
have used, both now and in past decades,
to discover the essence of particle physics.”
—Physics Today

240 pp., 300 illustrations, paper $22.50

TWE PARTICLE EXPLOSION

At better bookstores or directly from OXFORD PAPERBACKS
Oxford University Press « 200 Madison Avenue * New York * New York « 10016
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A N Introducing the Cytosensor™ Microphysiometer System
eW from Molecular Devices (Science 257, 1906-1912, (1992)). Finally, a
noninvasive technology that monitors receptor mediated responses of living

PharmaCOlO gical TOO] . cells. Quantitative data can be obtained in real time, without radioactivity.

The same sample of cells can be monitored continuously for dose-response

FunCtional Resp Onses effects with a variety of effector agents. Effector agents can include:

I. . d Dopamineljgic Drugs * Growth Factors '
In Minutes, Dose Response e e

* Adrenergic Drugs * Peptides/Proteins

Evaluations In Hours. * Excitatory Amino Acids "« Antisense Oligonucleotides

For a detailed list of scientific references,
and more information, call 1-800-635-5577.

Molecular
Devices

Molecular Devices Corporation, 4700 Bohannon Drive, Menlo Park, CA 94025
(800) 635-5577  (415) 322-4700  FAX (415) 322-2069
Bahnhofstr. 110, D-82166 Grafelfing, Munich, Germany
011-49-898-54-5050  FAX 011-49-898-54-2238
Unit 4, Charlwood Court, County Oak Way, Crawley, W. Sussex RH11 7XA, United Kingdom
011-44-293-619579  FAX 011-44-293-619586
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Start:.thinking on

bulk quantitie;

Genset revolutionizes the scale and turnaround time of oligo
synthesis: our exclusive synthesizer can work at the millimolar scale,
generating in a single batch gram quantities of the oligonucleotide you
need for antisense or other large-scale applications.

VVe can meet the strictest standards for sterility, purity, quality, no
toxicity, apyrogenicity, and Good Manufacturing Practice. We
guarantee complete confidentiality, and unconditionally release all
rights to the sequences you order. And our prices reflect the
economies of our proprietary system.

USA - Genset Corporation
505 Coast Blvd South, La Jolla CA 92037
East: 800-892-1956 West: 800-995-0308

EUROPE & ASIA - Genset SA

|, Passage Etienne Delaunay

7501 | Paris France

TEL 33(1) 43 56 59 00, FAX 33(1) 43 56 26 25
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The Space Station. It's about life on Earth.

DO :

)

SCIENCE ADVANCES ONE STEP AT A
TIME. BUT WITH THE SPACE STATION, IT
COULD TAKE A QUANTUM LEAP.

The Space Station will be the
largest and most advanced inter-
national laboratory ever built for
research in space.

So for the first time ever, scien-
tists from around the world will have
consistent, long-term access to the
unique condition of microgravity.

BASIC RESEARCH THAT
COULD BENEFIT MILLIONS OF
PEOPLE LIVING TODAY.

More than 600 experiments
have already been proposed for
the Station. And a number, particu-
larly in the areas of life sciences
and materials research, promise
significant reward.

The study of human proteins
is a good example.

Many diseases are the result
of proteins that no longer work as
they should. Many others are

caused by foreign proteins that
enter our bodies through viruses or
bacteria.

Altogether, we have about
150,000 different proteins in our
bodies. But medical researchers
only understand the fundamental
structures of
about 1,200.

If we could
define the basic
architecture of
the proteins we
don'’t under-
stand today—
especially en-
zymes and
hormones—we
may be able to create drugs that
will attach themselves to the pro-
teins, and therefore alter behavior
at the molecular level.

In other words, it might be

possible to tailor-make drugs for
specific proteins that cause
cancer, AIDS, diabetes, heart
disease, emphysema, arthritis, and
dozens of other diseases.

And since each drug would be
customized for a disease-causing
protein, there’s a good chance it
would minimize side effects.

How do we go about studying
the basic structures of complicated
proteins?

One of the
techniques
used today is
called crystal-
lography.

To use
this technique,
researchers

Examples of the same protein crystallized on Earth, left, must first iSO-.
and in space, right. Ounce for ounce, good protein crys- late the protein
tals could be the most valuable items in the world.

in a solution.
Then they let the solution solidify
over time into a crystal. Once they
have a crystal that's large and
well-formed, they take multiple X-
rays. From the X-ray images, they
can then create three-dimensional
computer models.

HERE’'S WHERE THE
SPACE STATION CAN HELP.

The big bottleneck in the
whole process is the creation of
good crystals.

In the gravity of Earth, sub-
stances of different densities
separate into layers (sedimenta-
tion). And cold, dense liquids
are pulled down, forcing warm,
less dense liquids to move up
(convection).

As a result, protein crystals
grown in solutions on Earth are
often small, clumped together, or
distorted in shape.

In the Space Station, on the
other hand, gravity will be only
one millionth as strong as it is on
Earth. So sedimentation and con-
vection will be negligable, allowing

BOLCING



crystals to form more slowly and
much more perfectly.

We've already demonstrated
that we can grow protein crystals
in space.

Since 1984, approximately
60 different proteins have been
crystallized on space shuttle flights.
And several of the crystals have
been used to determine the struc-
tures of the proteins.

As important as those experi-
ments have been, however, they
offer only a glimmer of what we can
accomplish in the Space Station.

There, we'll be able to grow
crystals for months instead of days
or weeks. We'll also be able to
monitor progress and make changes
as we go along.

So chances are, we'll be able
to grow protein crystals with the size
and purity that medical researchers
can only dream about today.

1993 SPACE STATION MILESTONES:
February—President Clinton calls for
redesigned Space Station. June—Three
options are offered to the President. Option
A is selected. Transition to the new config-
uration and management structure begins.
August—Johnson Space Center (JSC),
Houston, is named Host Center. Boeing is
chosen prime contractor. McDonnell
Douglas and Rockwell are named major
subcontractors. September—"Alpha”
Space Station design is unveiled.
November—Potential Russian contributions
are detailed in addendum to “Alpha” plan.
December—U.S. and Russia sign agree-
ments for joint shuttle/Mir missions. Russia
accepts invitation to join international
Space Station. December—Systems
Requirements Review is held.

MAJOR MILESTONE FOR EARLY 1994:
Systems Design Review. As we went to
press, program managers from NASA, the
contractors and the international partners
were meeting to evaluate the Station’s
design status. The SDR establishes the
technical baseline for the entire program.
Elements for review include how the Station
will be utilized, operated, and assembled in
space. “This is where we move from con-
cepts to hardware implementation,” said
Randy Brinkly, Space Station Program
Manager. “This is by far the most important
technical milestone in the program since
last year's redesign of the Station. The SDR
will lock in the key technical elements of the
system, as well as schedule and cost."

The Space Station.
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“THE U.S. WILL SAVE $2 BILLION . . .
[ON] A SPACE STATION THAT IS LARGER
AND IN BETTER ORBIT”

—Vice President Al Gore speaking on the benefits of Russian participation in the Space Station.

The U.S., Canada, Japan, and
13 European nations have asked
Russia to join the Space Station
team as a full partner. Vice President
Al Gore met Russian Prime Minister
Viktor Chernomydrid in Moscow in
late 1993 for the formal agreement.

The new unified Space Station
will have significantly greater capa-
bility than previous designs. It will
house six crew members rather than
four. And current estimates project
that Russian participation could
shave up to $2 billion off the cost

THE SPACE

STATION IS
MOVING OFF THE

COMPUTER
SCREEN AND INTO
REALITY.

The Space Station will be the
largest international venture in sci-
ence and technology ever under-
taken. Modular in design, the Station
will be assembled in space starting
a little more than three years from
now. But many of the elements are
already well under way.

Boeing has produced portions
of Node 1, the payload for the first
U.S. launch.

McDonnell Douglas has pro-
duced several sections of the main
truss structure, the “backbone” of
the Station.

Rockwell is building and test-
ing solar array equipment and bat-
teries, and, along with Lockheed,
is delivering solar array test com-
ponents to Russia.

New to the program are Russian
elements including a service module
derived from the Mir 2, a docking
module, and a research module.
The design also involves two assured
crew return vehicles based on a
Russian Soyuz and a “space tug”
based on the Russian Salyut FGB.




It's about life on Earth.

for America and allow the Space
Station to be finished earlier than
previously planned.

Russia also brings years of
space station experience to the U.S.-
led international team. Russian
orbiting stations have been operat-
ing for 22 years. The Mir station,
launched in 1986, is still in use. And
the performance of the Russian
space tug, Salyut FGB, has been
extensive and impressive.
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—

Solar Arrays (3)—U.S./
Rockwell

Solar Arrays (2)—U.S./
Russia

Power Module—U.S./Russia
Mir-derived Service
Module—Russia

Salyut FGB Space Tug—
Russia

Thermal Radiators (2)—
U.S./McDonnell Douglas
Main Truss Structure—
U.S./McDonnell Douglas
Mini-Pressurized Logistics
Module—Italy

Mobile Servicing System
(Robotic Arm)—Canada
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PHASE 3

THE SPACE STATION'S
NEW DESIGN

THE SPACE STATION
WILL BE DEVELOPED IN
THREE PHASES.

It will take 34 space flights to
complete the Station as now envi-
sioned. 21 of those will be U.S.
space shuttle flights and 13 will be
Russian launch vehicle flights.
Phase 1
Before assembly starts in
space, there will be a
series of flights com-
bining astronaut
and cosmonaut

10. Laboratory Module—U.S./
Boeing

11. Habitation Module—U.S./
Boein

12. Laboratory Module—
European Space Agency

13. Connecting Nodes (2)—U.S./
Boeing

14. Experiment Module—Japan

15. Experiment Logistics
Module—Japan

16. Exposed Facility—Japan

17. Assured Crew Return
Vehicles (2)—Russia

18. Solar Dynamic Power Dishes
U.S./Russia

crew activities on
the space shuttle,
Soyuz, and Mir 1
space station. The
object of this
phase is to gain
in-orbit experience
that will greatly
reduce the technical risk associ-
ated with the assembly and opera-
tion of the Space Station. (The first
of these flights has already
occurred. In early February, a
Russian cosmonaut flew aboard
the 8-day space shuttle flight
STS-60.) Up to 10 flights to the Mir
are planned.

Phase 2
The actual assembly of the
= Space Station will begin in
Phase 2. First ele-
ment launch is
scheduled for
December, 1997.
Following will
be another 10
flights, four
by U.S.
shuttles and six by
Russian launch vehicles.
> They're all scheduled for
1997-1998. Scientific experi-

PHASE 1

PHASE 2

ments will begin once the service

module is in place (Flight 4). By
the end of Phase 2, the “core” of
the Station will be complete.

Phase 3

This final phase will finish construc-
tion of the Space Station and will
take 17 U.S. and six Russian
flights. In Phase 3, the European,
Japanese, and ltalian modules
will be added, as well as final
solar array and truss elements.
The Station will be completed in
October, 2003.
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The Space Station. It's about life on Earth.
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BREATHTAKING
HUBBLE
SPACEWALKS
DEMONSTRATE
TECHNIQUES
TO BE USED ON
SPACE STATION.

When NASA's astronauts
walked out into space to repair
the Hubble telescope, they not
only proved that men and women
can handle difficult and physically
demanding work in space. They
also added momentum to the
Space Station program.

Using many of the same
tools and techniques that will be
utilized in assembling the Space
Station, Endeavour’s two teams of

spacewalkers finished the entire
checklist of jobs they were given
by NASA.

Altogether, they spent a
total of 35 hours and 28 minutes
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working outside the space shuttle.
It was the most difficult assign-
ment ever given to a shuttle
crew, and the biggest repair job
ever done in space.

NEW FLIGHT PATTERN
ALLOWS BETTER EARTH VIEW.

The Space Station will fly 248
nautical miles above Earth at 17,500
m.p.h. It will orbit at a 51.6 degree incli-
nation above and below the equator,
an orbit that provides a much
wider Earth-observation capabili-

ty than the 28.8 degree inclina-
tion planned for earlier designs.
This inclination also allows flights
to the Station by Russian launch
vehicles, something the 28.8
degree inclination did not allow.

"

THE SPACE
STATION COSTS
EACH AMERICAN JUST
2.2 CENTS A DAY.

The Census Bureau's January
1 estimate for the U.S. population
was 259,353,627 people. And the
budget for the United States’
portion of the Space Station is $2.1
billion for fiscal year 1994. That
works out to 2.2 cents per person
per day.

If you'd like a free Progress Report sent to you regularly, write
THE SPACE STATION, BOEING DEFENSE & SPACE GROUP, P.O. BOX 58747, M/S HF-90, HOUSTON, TX 77258.
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