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@6 The biggest problem with confocal microscopy is not that you

need to hold a wrench to get the best results. It’s the expense. 99

The Scientist, July 23, 1990

INSIGHT

Real Time - Laser Scanning
Direct Ocular Viewing

Confocal Microscope

For Less Than*55 K

—#- INSIGHT uses patented Bilateral Scanning* a
new technology designed to give you exquisite
confocal images at video rates viewed directly
or via an optional CCD camera.

—A- INSIGHT provides real-time viewing of phase-
fluorescence image overlays for rapid and
precise correlation of fluorescence and
morphology.

INSIGHT is an easy to use, compact integrated
system, that switches quickly between
conventional and confocal viewing,

with no user alignment.

—#- INSIGHT is the only laser scanning confocal
microscope with CCD output, permitting easy
connection to any video based image analysis
system.

MERIDIAN has INSIGHT ...to find out how you can
get INSIGHT, please call 800/247-8084, or in
Michigan 517/349-7200.

*Brackenhoff, G.J. and Visscher, K. (July, 1990). Novel Confocal Imaging
and Visualization Techniques. Paper presented at Micro 90, London,

England
MERIDIAN
Instruments, Inc.
2310 Science Parkway Meridian Instruments Europe, Inc.
Okemos, Michigan 48864 Industriepark —West 75
Phone: 800-247-8084 B-9100 St. Niklaas BELGIUM You can see the InSIGHT at

517-349-7200 Phone: 011-32-3-7801760 Achema, June 9—-15th,

Fax: 517-349-5967 Fax: 011-32-3-7781727 Hall 12, booth D-1. € 1991 Meridian Instruments. Inc

DISTRIBUTORS: France: Cytolab, 33-1-30614323. Germany: dunn Labortechnik, 49-2683-43306. Israel: Lumitron, 972-2-039452. Italy: Kontron Instruments, 39-2-50721
Japan: Japan Scientific Instrument Co., 81-2-586-2925. Korea: Hwa Yuong Medical & Science Co., 82-2-586-2925. Spain: Cultek, 34-91-729-0333. Switzerland: BioCell
Consulting, 41-61-7411616. United Kingdom: Biotech Instruments, 44-582-502388
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Quantikine

For the precise Quantitation of Cytokines in fluids...

The Tool to Accurately Measure Cytokines

Immunoassay vs. Bioassay

The usual assay for a specific
cytokine is based on its ability to affect
the growth or differentiation of an
actively growing, indicator cell line.

However, since most of these
indicator cell lines can respond to many
growth or inhibitory stimuli (including
other cytokines), precise detection and
quantitation of a specific cytokine in
such complex fluids as: cell culture
medium, serum, plasma, urine and
synovial fluid (see e.g. J. of IMMUNO.
145:8, 1990 pp 2514-2519) proves
difficult and often imprecise.

Now with the Quantikine™ series of
“sandwich” immunoassay, a precise,
accurate quantitation of a given human
cytokine can easily be made in a variety

of complex biological fluids.

Each Quantikine kit has been
formulated under exacting standards to
ensure that it is:

Sensitive -detects less than 10 pg/ml.

Rapid -results in less than 4.5 hours.

Specific -unaffected by the presence of

other cytokines.

Calibrated -to WHO (National Institute
for Biological Standards and Control)
interim reference standards.

FOR RESEARCH USE ONLY. NOT FOR USE IN
DIAGNOSTIC OR THERAPEUTIC PROCEDURES.

To place an order or request product information, call us at 1-800-328-2400.

In Europe contact: In Japan contact:

Brionf%-technology. Ltd. Funakoshi Co_, Ltd.

4-10 The Quadrant, Barton Lane 9-7. Hongo 2-Chome
ku, Tokyo 113
elephone: 81 3 5684 1616
g 42 Fax: 81 3 5684 1633
TEC G Telex: J28489 FUNA

L

HRPO

Optical Density
o

picograms/mi

Your Source for Cytokine Reagents
R&D Systems
614 McKinley Place N.E
Minneapolis, MN 55413
In Minnesota: (612)

; : P Fax:(612)379-6580
SYSTEMS Telex: 750627
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COVER  The career path of a scientist in the 1990s may seem a high-wire act with
a dotted-line furure. Today’s successful scientist walks a tenuous line between
seeking security in an uncertain funding environment and taking risks in an age of
spectacular advances. He or she is asked to balance the competing tugs of business
and academe, of applied and basic research, of authority based on narrow expertise
and utility based on multidisciplinary experience. Our special pull-out report on
careers, beginning on page 1107, is meant to help scientists navigate their individual
high wires. [Image by Guy Billout]
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Pure nucleic acids -
QIAGEN does them all

QIAGEN is all you need

No matter what type of nucleic acid
you want to isolate —

QIAGEN columns are all you need.

It’s this fast

1. Adsorb a cell lysate

2. Wash away contaminants
3. Elute pure nucleic acid

It’s this convenient
Ready-to-use kits for

all types of nucleic acids -

4 Column sizes for any

size prep -

Gravity flow alone results

in optimal separations -
Numerous lab-tested protocols
are included in our bookiet

THE QIAGENOLOGIST.

it’s this pure

QIAGEN-purified nucleic acids are
equal in purity to those isolated on
CsCl gradients.

Subsequent applications such as
transfections, clonings, sequencing,
transcription and translation
reactions proceed with optimal
efficiency.

It’s this versatile

At the heart of the system is a
unique anion exchange resin with
the broadest possible separation
range — QIAGEN.

It enables the selective isolation of
the various classes of nucleic acids,
including dsDNA, ssDNA and RNA.

For more information
call or write to QIAGEN Inc.,
DIAGEN GmbH or your nearest
distributor.
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Scientific careers

THINKING about retooling or
starting a career in science? This
issue contains a special pull-out
that includes an analysis of the current
state of scientific careers, trends for the
’90s, some personal perspectives, de-
scriptions of hot tools and topics, and a
request for reader comments (pages
1107 to 1150; editorial, page 1045).

Prescription drugs

HARMACEUTICAL companies are

in business for two major reasons:

to develop and market new dru
and to make money (page 1080). Nei-
ther goal can be attained without the
other. Estimates are that it costs about
$231 million for each new drug to
arrive at the marketplace (and only one
in 10,000 compounds makes it); more
difficult to assess are the savings (re-
duced health care costs, added time at
work) that may be realized by an effec-
tive drug. What factors figure into ef-
forts of drug manufacturers to balance
profit-making with their obligation to
serve the public? Vagelos describes how
one major U.S. pharmaceutical compa-
ny discovers, develops, prices, markets,
and in one interesting case gives away
prescription drugs.

Fragile X syndrome

RAGILE X syndrome is a common

heritable form of mental retarda-

tion with many cryptic features
(see Hoffman’s story on page 1070).
Insertions, methylations, and amplifica-
tions all contribute to the production of
abnormalities in an exceptionally unsta-
ble region of the X chromosome—re-
gion 27.3 of the q band of the X
chromosome—a region that even
changes size from generation to gener-
ation. Techniques described in two
studies shed further light on the struc-
ture and inheritance of the unstable
disease-associated segment of DNA and
are expected to lead directly to reliable
identifications of male and female carri-
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ers and to a better understanding of
relations of genotypes with disease phe-
notypes (Oberlé ez al., page 1097; Yu et
al., page 1179).

Acid lakes and streams

CID rain and snow are major but

not exclusive causes of acidity in

lakes and streams in the United
States (page 1151). A survey of 1180
acid-sensitive lakes and 4670 streams
across the country showed that acid
deposition is responsible for acidity in
75% of acidified lakes and 47% of
streams, mine drainage is responsible
for acidity in 3% of lakes and 25% of
streams, and organic anions cause acid-
ity in 25% of each. The chemical anal-
yses could be corroborated by paleolim-
nologic studies. Baker et al. point out
that although pH values are lower than
5.5 in chronically acidified waters, dra-
matic biologic effects can be induced
when values drop to 6.5 and below.
Thus tallies of chronic acidity alone do
not provide a full picture of how widely
acid deposition effects may be felt.

Buckyballs

UCKYBALL research is on a roll.
B Recently buckyballs were shown

to have the properties of super-
conductors when they are doped with
an electron-donating material such as
potassium. Now Holczer et al. report
that the composition of the only stable
superconducting phase of the potassi-
um-doped fullerene is K3Cqo (page
1154). Measures of shielding diamag-
netism indicated that the yield of 19.3
K superconducting material was quite
high. Superconductivity at 30 K was
then found in a rubidium-doped form
of Cgo. Experiments by Fagan et al.
show that buckyballs, which were
thought originally to be chemically in-
ert, can form covalent bonds with elec-
tron-rich organometallic platinum and
ruthenium compounds (page 1160).
The reactivity of the carbon-carbon
bonds of the buckyballs resembled reac-
tivity of bonds in electron-poor alkenes

or arenes; other chemical properties of
these classes of organics may thus be
relevant to buckyball chemistry.

Bubble burst

URFACE damage associated with
S the presence of vapor bubbles in

liquids occurs when bubbles form,
not when they burst (page 1157). This
heretical conclusion comes from studies
by Chen and Israelachvili in which the
formation and collapse of gas bubbles
were monitored with a surface force
apparatus. A high viscosity liquid was
placed between two curved surfaces. As
the two surfaces were pushed together,
they flattened. As they were pulled apart
at high velocity, the liquid “cracked”
open, the surfaces snapped back to their
original curvatures, and vapor cavities
formed. All of the surface damage oc-
curred during recoil. This work is per-
tinent to “the bends” of divers and to
vibration damage to ship propellers in
water.

Arginine fork

EVERAL RNA-binding proteins in-
S clude a segment that is rich in the
charged amino acid arginine. One
such protein, Tat from the human im-
munodeficiency virus, binds to a bulged
region of RNA, and the interaction is
necessary for RNA transcription. The
electrostatic charge rather than the spe-
cific sequence of amino acids in Tat’s
binding region appears to be important
in binding and activation. To illustrate
this sequence flexibility, Calnan et al.
systematically replaced arginines with
lysines in synthetic peptides fashioned
after residues 49 to 57 of Tat (page
1167). Only one arginine (at position
53 or 52) is essential for binding and
activation but it must be flanked on
each side by three or four other charged
amino acids. The protein-RNA interac-
tion is probably stabilized by an “argi-
nine fork” produced by hydrogen bond-
ing between the arginine and adjacent
phosphate groups in RNA.
m RurH LEVY GUYER
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Guaranteed
NA PCR

TWO ChOlceS. To ensure efficient RNA PCR—even for complex secondary
structures—we give you two different RNA PCR kits. One with reverse transcriptase and
AmpliTag® DNA Polymerase. The other with rTth DNA Polymerase, a unique recombinant
enzyme which can also act as a thermostable reverse transcriptase. (A simple buffer
change permits PCR amplification by the thermostable DNA polymerase) Both kits offer
unmatched sensitivity. Each includes everything you need to perform RNA PCRiin a single tube.
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GeneAmp® RNA PCR Kit and GeneAmp®
Thermostable rTth Reverse Transcriptase RNA PCR Kit.
Two more innovations from Perkin-Elmer Cetus.
Backed by our PCR Performance Guarantee.

In the U.S., call PE XPRESS at 1-800-762-4002 to order.
Or call 1-800-762-4001 for technical information.
Outside the U.S,, contact your local Perkin-Elmer representative.

~ERKIN ELMER CETUS

Europe Vaterstetten, Germany Tel: 49-8106-381-112 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: 52-5-5393-6223

AmpliTaq and are regi: of Cetus C The PCR process
is covered by U.S. patents issued to Cetus Corporation.
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The resolution to succeed

Stemi SV 11 Stereomicroscope

Microscopy from Carl Zeiss

We'll gie yu 11to1
Il now get closer faster.

- *. P s

We put the power to
move in closer right in your
hands. With the twist of
your wrist you control the
11:1 zoom of the Stemi SV 11
stereomicroscope. You’ll see
clearer, too, with superior
optics that provide high-
contrast, high-resolution and
color-true images. Every-

d thing you expect from
Carl Zeiss.

Our modular system
makes the Stemi SV 11 ideal
for a wide spectrum of
applications. The slim design
and the large specimen area
make preparation and
manipulation easier. And
when you want to record
your results, photographic
and video documentation is
no problem —with simultane-
ous stereoscopic observation.

Get closer to the full
story of the Stemi SV 11 —
just write or call. The odds
are you’ll like what you see,
and how you see it.

Carl Zeiss, Inc.

One Zeiss Drive
Thornwood, NY 10594
(914) 747-1800

The Geometry
for Microscopes

Phytopathological change .
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Pure mRNA in Minutes...

..Directlyfrom |
Small or Large Samples |
of Gells or Tissue.

FastTrack™ and MicroFastTrack™ set the industry
standard in high quality mRNA isolation.

MicroFastTrack™*: 20 Reactions

- Ideal for PCR, Northerns and cDNA synthesis

- Isolation from samples ranging in size from 10-3x108
cells or 10-250mg of tissue.

- Reproducible yields of high quality mRNA.

FastTrack™*: 6 Reactions

- mRNA isolation for Northerns, cDNA, library construction,
PCR, microinjection, RNA protection studies and in vitro
translation.

— Isolation from samples ranging in size from 107-108 cells
or 0.4-1.0 gram of tissue.

- Fast, efficient recovery of large amounts of polyA+ RNA
from a variety of sources.

Both systems offer:

- High yields of intact mRNA with low ribosomal contamination.

- Eliminate the need for total RNA isolation or the use of toxic
chemicals.

- The most cost effective means of generating high quality
mRNA.

- Consistency, convenience and the fastest isolation time.

For the very best in direct mRNA isolation FastTrack™ and
MicroFastTrack™ are the choice of thousands of research labs
worldwide. When the quality of your mRNA is important, turn to
the original source for purity, reliability and convenience; turn to
Invitrogen.

1ol Free 1-800-955-6288

3985 «B Sorrento Valley Blvd. * San Diego, CA 92121
(619) 597-6200 Phone * (619) 597-6201 Fax

ﬁ ITISH BIOTECHNOLOGY LTD, UK - TEL: 44-235529449 » AMS BIOTECHNOLOGY UK LTD, UK - TEL: 44-993822786 * BDH INC.,

CANADA - TEL: 800-268-0310 » BIOTRADE, AUSTRIA - TEL: 43-2228284694 + CELBIO, ITALY - TEL: 39-24048646 * FUNAKOSHI
PHARMACEUTICALS, JAPAN - TEL: 81-356841622 » ITC BIOTECHNOLOGY GMBH, GERMANY - TEL: 06221-303907 = KEBO LABS AB,
SWEDEN - TEL: 46-86213400 + MEDOS COMPANY PTY LTD, AUSTRALIA - TEL: 61-38089077

*patent pending mRANA model courtesy of BIOSYM
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Seven
reasons

why
Vibratome’

 Series 2000

is the

clear cut
choice

for

fresh tissue

sectioning.

.
TECHNIGIL
RODUCTS
INTERNATIONAL, INC.

1. Vibratome’s patented vibrating blade
principle moves the blade in a reciprocating -
arcuate path allowing sectioning without freezing
or embedding. Elastic deformation of delicate

soft tissue is minimized.

2. Vibratome’s liquid bath lubricates the blade,
maintains specimen temperature and enhances

~ and preserves desirable specimen characteristics.

3. Vibratome’s built-in bath refrigeration cools
without compressors, refrigerant fluids,
expansion valves or condensing coils.

4., Vibratome’s motorized digital control and

_readout of section thickness take the labor

intensity out of specimen height control while
allowing sections to be cut to any desired
thickness from ten microns up.

5. Vibratome’s serial sectioning mode raises the
stage by pre-selected increments, automatically.

6. Vibratome’s step function allows manual

set-up in any increment in %2 micron stepsat the

push of a button.

7. TPI provides assured delivery, on-demahd
technical service, and complete repair and
replacement should you need it.

When your research demands sectioning of fresh or
fixed animal or plant tissue without the creation of
artifacts, alteration of morphology and destruction
of enzyme activities inherent in freezing or embed-
ding procedures, turn to Vibratome.

Vibratome Series 2000 —the new standard in
automated fresh tissue sectioning.

) Vibratome Series 1000 —semi-automated

sectioning for tighter budgets, retrofitable to
Series 2000 status.

5918 EVERGREEN/ST. LOUIS, MISSOURI 63134 US.A.  (314) 522-8671 FAX (314) 522-6360
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cDNA Cloning Technology...
That Towers Ahove The Rest

The Librarian cDNA construction
system offers direct eukaryotic or
prokaryotic expression, uni or
bidirectional cDNA insertion and
chemical or electrocompetent

E coli transformation.

Librarian N
Vectors } ST e
Features S &E
.
D

. 4 !
Eukaryotic
Prokaryotic
Yeast []
Unidirecti

RNAF

M13 Origin
NA i []
Ab ing o|e °
Panning @

In addition, each Librarian kit con-
tains every reagent needed to
turn RNA to recombinants plus;

® Eukaryotic and Prokaryotic
Expression Cloning Using
Multifunctional Phagemid and
Lambda Vectors.

® Highly Efficient cDNA
Synthesis and Non-palindromic
Ligation for Complete
Representation.

® Electroporation or Chemical
Transformation for Increased
Numbers of Recombinants.

® Accurate cDNA Sizing for
Greater Representation and
More Information per Clone.

® Full Length cDNA >10Kb
using MeHgOH Denaturation
and AMV Reverse Transcriptase.

Lane 1 Lane2 Lane3. Laned.

Lane 1: 1Kb markers (BRL). Lane 2-4:
cDNA from fetal eye lens tissue,

HIB0 cells and umbilical cord
endothelial cells, respectively,

For over three years Invitrogen's Librarian has led the way in cDNA synthesis. Each kit is
guaranteed and each reaction is fully optimized to provide the highest efficiencies. Our
technical service people can help you determine which kit is right for your research.

Put the most advanced cDNA technology available to work for you today.

Invitrc

CORPORATION

1-800-955-6288 lII/ gen

3985-B Sorrento Valley Blvd. « San Diego, CA 92121 « (619) 597-6200 « (619) 597-6201 Fax

BﬁﬁﬁsH BIOTECHNOLOGY LTD, UK - TEL: 44-235529449 » AMS BIOTECHNOLOGY UK LTD, UK - TEL:
44.993822786 *+ BDH INC., CANADA - TEL: 800-268-0310 « BIOTRADE, AUSTRIA - TEL: 43-2228284694 *
CELBIO, ITALY - TEL: 39-24048646 « FUNAKOSHI PHARMACEUTICALS, JAPAN - TEL: 81-356841622 « ITC
BIOTECHNOLOGY GMBH, GERMANY - TEL: 06221-303907 * KEBO LABS AB, SWEDEN - TEL: 46-86213400 *
MEDOS COMPANY PTY LTD, AUSTRALIA - TEL: 61-38089077
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salwaysbeen a choice. But now the'¢hoice is obvious.

Vent” DNA Polymerase

from New England Biolabs

STABILITY FIDELITY
HEAT STABILITY OF DNA POLYMERASES ERRORS MADE DURING DNA SYNTHESIS
100 ol
2 ™ s
£ % 200
< e
= g
8 g
& 50 i
g
3 100
A AmpliTAQ™ .
25 o HOT TUB™
® NEN Replinase™
— : -
0.0 10 20
Hours at 100°C
™ Heat stability of various thermal stable DNA Reversion f flect: te f
Vent™DNA Polymerase allows v v byl g b
exper lmenta/ approaches yOU never native forms of Vent,* DNA Polymerase. All Base substitution fidelity was measured by
. were incubated at 100° C under standard the opal codon reversion assay of Kunkel
thought possible... now cloned at assay condilons. APITAQ™ productof et al. (1987) Proc. Nai. Acad. Sc.
. rkin- tus - Lot #4084. UB™ - 5 :
It b;V eV}/ T'Egg;? il qulabs i p%‘;%r o mersham gorp v oo B Choose new recombinant
avallaple a the previous cost. NEN Replinase™ - product of DuPont - Lot
A p #WER1810 Vents DNA Polymerase because
M For unsurpassed thermal it is the only commercially
stability, choose new recombi- available thermal stable DNA
nant Vents* DNA Polymerase polymerase with a 3'=5" proof-
from New England Biolabs. reading exonuclease function.
Vent;' DNA Polymerase provides You get_ft_ewer errors when
exceptional performance over a sy_nthesnzmg DNA. This is of
wide temperature range and critical importance if the
enables primer extension of synthesized DNA is to be cloned.
up to 13 kb in length. In base substitution studies,
Originally purified from the Venty' outperforms Tag, resulting
extreme thermophile in a 6-fold greater fidelity of
Thermococcus litoralis which b_ase incorporation. New England
grows at temperatures up to 98°C Blolat_)s Vent;* DNA Polymerase
in thermal vents on the ocean exhibits far superior fidelity due
floor, Venty' DNA Polymerase to its 3°>5" exonuclease
remains active for over two function as shown by €.
hours at 100°C. the loss of proofreading

activity in an engineered
exonuclease minus
Vents" (Ventg ‘exo-).

Ltd., Ca el. (800) 387-1
Ne land Biolabs GmbH, Germany Tel. 49 (061 0 83639
DISTRIBUTORS: AUSTRALIA GENESEARCH Tel. (075) 37 5499 / FINLAND, SWEDEN, DENMARK, USSR FINNZYMES (Finland) Tel. (0) 437-5312 / FRANCE OZYME

Tel. (1) 30 57 0025/ INDIA BIOTECH INDIA Tel. (542) 311473 /ITALY C.A.M.Bio S.RL. Tel. (02) 487 06070 / ISRAEL GAMIDOR LTD. Tel. (03) 535-1205 / JAPAN DAIICHI NEW ENGLAND
PURE CHEMICALS CO. LTD. Tel. (03) 3272-0671 / KOREA KORAM BIOTECH CORP. Tel. (02) 556-0311 / THE NETHERLANDS WESTBURG B.V. Tel. (033) 95 00 94

NEW ZEALAND BIOLAB SCIENTIFIC Tel. (09) 418-3039/ NORWAY ING. F. HEIDENREICH Tel. (02) 22 04 11/ PEOPLE'S REPUBLIC OF CHINA CHINA UNITED BIO-

TECH. CORP. Tel. (1) 256 1627 / PORTUGAL ISODER LDA. Tel. (01) 363-8788 / SPAIN LANDERDIAGNOSTICO S.A. Tel. (01) 594 08 06, (03) 256 9706 / SWITZERLAND

FLOW LABORATORIES AG Tel. (061) 634713/ TAIWAN LONG CHAIN INTERNATIONAL CORP. Tel. (02) 565-2605 / UK CP LABORATORIES Tel. (0279) 758200
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Reagents for Genetic Engineering from TaKaRa
cloned \-Ierminase

for Genome DNA Analysis

Linearized pHCT digestion with \-Terminase [time course]

B W0 P0G 30 60 L@OWW

8 Condition: pHC79-Pst | digest 0.5 1.
Merminase 8 units
Reaction Temp: 30°C

Mlerminase recognizes a sequence of about
100 bp in the cos region of A phage, and
cleaves the cos-site to generate a

“protruding end with 12 bases. High
specificity and reproducibility can be
achieved when cleaving the cosmid DNA.
This product performs the linearization of
circular DNA and can effectively be used for
construction of a gene map.

TAKARA BIOCHEMICAL INC.
- 719 Aliston Way, Berkeley California 94710 USA
Phone: 415-649-9895 Fax: 415-649-8933 Toll Free 1-(800) 544-9899

Tal‘aﬂa TAKARA SHUZO CO., LTD.
Shijo-Higashinotoin, Shimogyo-ku, Kyoto 600-91, Japan
Phone: +81 75-241-5177 Fax: +81 75-241-5208
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CSS:

CSS/3™ Complete Statistical System with over 1,000 presenta-
tion-quality graphs fully integrated with all procedures and on-screen
graph customization ® The largest selection of statistics in a single
system; in-depth, comprehensive implementations of: Exploratory
techniques; multi-way tables with banners; nonparametrics; dis-
tribution fitting; multiple regression; general nonlinear estima-
tion; logit/probit analysis; general ANCOVA/IMANCOVA; stepwise
discriminant analysis; log-linear analysis; factor analysis; cluster
analysis; multidimensional scaling: canonical correlation; item
analysis/reliability; survival analysis; time series modeling; fore-
casting; lags analysis; quality control; process analysis; experi-
mental design (with Taguchi); and much more ® Manuals with
comprehensive introductions to each procedure and examples ®
Integrated Stats Advisor expert system M Extensive data management
facilities (powerful spreadsheet with formulas; relational merge; data
verification; flexible programming language) ® Optimized (plain
English menus/mouse) user interface: even complex analyses require
just few self-explanatory selections (CSS can be run without manual;
Quick Start booklet explains all basic conventions) ® Macros, batch
commands also supported ® All output displayed in Scrollsheets™
(dynamic tables with pop-up windows and instant graphs) m
Extremely large analysis designs (e.g., correlation matrices up to
32,000x32,000) ® Unlimited size of files; extended precision;
unmatched speed (Assembler, C) ® Exchanges data (and graphics)
with many applications (incl. Excel®, Lotus 3%, dBASE IV®, SPSS®) m
Highest resolution output on practically all printers (incl. HP,
Postscript), plotters, recorders, typesetters ® [BM compatibles, 640k
or more W Price: $595.

Quick CSS™ subset of ¢5/3: all basic statistical modules
(incl. data management) and the full, presentation-quality graphics
capabilities of CSS/3 ® Price: $295.

CSS:GRAPHICS ™ 4 comprehensive graphics/chart-
ing system with data management ® All graphics capabilities of CS$/3
and, in addition, extended on-screen drawing, 19 scalable fonts,
special effects, icons, maps, multi-graphics management ® Hundreds
of types of graphs ™ Interactive rotation and interactive cross-sections
of 3D graphs ® Extensive selection of tools for graphical exploration
of data; fitting; smoothing; spectral planes; overlaying; layered com-
pressions; marked subsets ® Unique multivariate (e.g., 4D) graphsm
Facilities to custom-design new graphs and add them permanently to
menu ® Import/export of graphs and data, 15 formats @ Optimized
(menwmouse) user interface; even complex graphs require few
keystrokes: all graphs on this page can be produced from raw data in
less than 20 minutes ® Macros, batch/commands also supported =
Unlimited size of files ® Highest resolution output on all hardware
(see CSS/3) @ [BM compatibles, 640k or more ® CSS:GRAPHICS is
_included in CSS:STATISTICA (available separately for $495).

Megafile Manager™ comprehensive analytic data
base management system ® Unlimited size of files (up to 32,000 fields
or 8 MB per record) ® Megafile Manager is included in CSS/3 and
CSS:STATISTICA (separately: $295).

CSS:STATISTICA™ fully integrated system that
combines all the capabilities of CSS/3 and CSS:GRAPHICS into a single
extremely comprehensive data analysis system ® Price: $795.

Domestic sh/h $7 per product; 14-day money back guarantee. STATISTICA/Mac™ 4 css-compatible, comprehensive data analysis
Circle No. 38 on Readers' Service Card and graphics system designed for the Macintosh ® Large selection of statistical
1 methods fully integrated with presentation-quality graphics (incl. EDA, multiplots, a

It ™ wide selection of interactively rotatable 3D graphs; MacDraw-style tols) & Unlimited
_y f s t a t s Oft size of files @ Exchanges data with Excel and other applications ® Price: $495.
Quick CSS/Mac™ a subset of STATISTICAMac: all basic statistical
2325E. 13th St. e Tulsa, 0K 74104 ¢ (918) 583-4149 modules and the full, presentation-quality graphics capabilities of STATISTICA/Mac m

Fax: (918) 5834376 Price: $295.

Overseas Offices: StatSoft of Europe (Hamburg, FRG), ph: 040/4200347; fax: 040/4911310, StatSoft UKﬂ&Lunvion, UK), ph: 0462/482822; fax: 0462/482855, StatSoft Pacific (Melbourne, Australia),
ph: 613-866-1766, fax: 613-866-3318, StatSoft Cana CO (Ontario), ph: 416-849-0737, fax: 416-849-0918 Available From: CORPORATE SOFTWARE and other Authorized Representatives
Worldwide: Holland: Lemax BV 02968-94210; France: Conceptel (1) 45669700; Sweden: AkademiData 018-240035; Spain: ADDLINK, SRL: ph: 34-3-459-0722



Attached cell sorting using the ACAS “Cookie-Cutter”™"
technique. 4) CHO cell isolated in culture. B) Cell out-growth afler
two days. (Courtesy of Dr. Margaret Wade, Meridian Instruments, Inc.)

Confocal quantitation and localization of Ca°* using the ACAS
570. Ca°* response to potassium is shown as a function of time in a
I confocal optical slice of an Indo-1 labeled chick sympathetic
neuron. (Courtesy of Dr. Arun R. Wakade, Dept. of Pharmacology,
Wayne State Univ.)

Fluorescence
Analysis and

@ Detection of human chromosomes by in situ hybridization
using the ACAS 570. Mouse/buman hybrid cell culture labeled with
fluorescein-buman DNA and propidium iodide. Displayed as.a dual-

label overlay image. (Courtesy of Dr. Roger A. Schultz, Molecular
Genetics Laboratory, Univ. of Maryland.)

The ACAS 570 Interactive Laser
Cytometer Has The Numbers You Need

Designed to give you fluorescence measurements of structure, function,
and response in one cell or an entire field of cells, the ACAS 570 is the only
instrument you can use for all of the following applications:

* Fluorescence image analysis

* Transient Ca** and pH

= in situ hybridization

* Chromosome imaging and analysis
* Membrane transport

« Intercellular communication

* Free radical quantitation

* Quantitative confocal imaging

« Attached cell isolation and cloning

To find out how the ACAS 570 can give you the numbers you need, call us
now at 800/247-8084 or in Michigan at 517/349-7200.

Meridian Instruments Europe, Inc.  Japan Scientific Instrument Co., Ltd. M@R“ DII /As N
Industriepark — West 75 6-7-5 Higashi Kasai

B-9100 St. Niklaas BELGIUM Edogawa ku Tokyo, 134 Instruments, Inc. 210 Science burkay
Phone: 011-32-3-7801760 Phone: 011-81-3-877-8111 Bringing Analytical Power to Phone: é()().zﬁ.gmy

Fax:  011-32-3-7781727 Fax:  011-81-3-877-9236 the Cell in Culture 517-349-7200
Fax:  517-349-5967
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HIGHER

INTELLIGENCE

HIGH MASS
ANALYSIS.

HOW TO ACHIEVE
ENHANCED CHARACTERIZATION OF BIOMOLECULES.

The Electrospray System from Finnigan MAT simplifies
tedious sequencing processes, and lets you produce
accurate and intelligent data in a fraction of the time.

Picomole and femtomole sensitivity in molecular
weight determination, coupled with structural elucida-
tion achieved in hours—not days or weeks—makes the
Electrospray System a powerful tool.

The Electrospray System combines electrospray ioniza-
tion (ESI) with our high-performance TSQ™ 700 mass

spectrometer to provide molecular weight determination
of biomolecules, such as peptides and proteins with
mass accuracy of 0.01%.

And the innovative Finnigan MAT data processing
software extracts meaningful information and presents it
in a format tailored for the biochemist, letting you spend
more time on science and less time crunching numbers.

To seek higher intelligence in high mass analysis, call a
Finnigan MAT office listed below or FAX (408) 433-4823.

A subsidiary of Thermo Instrument Systems, Inc.

California (408) 433-4800 e Georgia (404) 424-7880 e Ohio (513) 891-1255 e Illinois (708) 310-0140 e New Jersey (201) 740-9177  Maryland (301) 698-9760
Germany 421-54931 ¢ UK 442-233555 ¢ France 1-6941-9800 e Italy 6-601-1742  Netherlands 838-527266 ¢ Sweden 08-680-0101
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SP1 footprinting on SV40 early
promoter DNA. Lanes are shown
without (=) and with (+) SP1.
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EUKARYOTIC TRANSCRIPTION

Transcription factors and
extracts from the leader in
mnovatioe ranscription
regulation products. . .

m Purified Transcription Factors
= Cloned - high purity
= Qualified — for transcriptional
activation and DNA binding
u AP1 (c-jun), AP2, TFIID, SP1

® Transcription Extracts
= Drosophila Embryo
Nuclear Extract
= Hela Nuclear Extract
= Initiation Specificity — can
accurately map transcription
start sites
= High Basal Activity — detects
ranges of promoter strengths
= Rapid Signal - quick results
for promoter mapping with
mutant templates
= Convenient - easy to use
protocols and positive controls
= Multiple Configurations -
including cost-effective
starter systems

... Promeaa.

o
Promega

Promega Corporation

2800 Woods Hollow Road
Madison, Wl 53711-5399  USA
Toll Free 800-356-9526
Telephone 608-274-4330
Fax  608-273-6967
Telex 62057092

800-356-9526




The Next Generation of
Sequence Analysis Software

GAPISRAT Sequence

Initiator Extracellular

Met 5 Pt
Uses information-rich

L : : S graphics to show the results
of all analyses, including:

restriction maps, open reading

frames, translation and

: e reverse translation, structure
Putative Transmembrane Sites and compasition

Cytoplasmic

Mulﬁplex data base

searching on CD-ROM releases
of GenBank', EMBL and
SWISS-PROT—simultaneously
searches for sequence
similarity, motifs, structure
and other characteristics

Praduces high quality
images for printed output,
transparencies and slides
in a desktop publishing
environment for biologists

Cfr10I
“GeneWorks is Eael NaeI

gfﬂuﬂdbfﬂakiﬂy... G GCCGGRCATCA CCGGRCGE

If you like to be CGTAGT GRCCGCGGTG
on the cutting GlyIleT hrGlyAlaTh
edge, GeneWorks < umsmmmmmm :
is for you.”*

Peter Markiewicz, UCLA

Beta lactamase (F2a8)
Aampicitin resistance

Fulfills the promise of the Macintosh" for
a new approach to nucleic acid and In Europe:
protein sequence analysis W IntelliGenetics, In. Amctoties

700 East El Camino Real B-2440 Geel

K 2 k. 1 Mountain View, CA 94040 Belgium
Please call 1-800-876-9994 for demo disks. it Tel:%32“4,57'83_35

Fax:415-962-7302 Fax:+32(14)58.50.78

*Using the Apple Macintosh in Molecular Biology (December 1990)
GeneWorks is a trademark of IntelliGenetics, Inc. Macintosh is a registered trademark of Apple Computer,Inc. GenBank is a registered trademark of the National Institutes of Health
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Technology Update

Latest LSC technology cuts sample
and cocktail costs; increases throughput

In the past, liquid scintillation counting
used traditional technology to overcome
background noise. Now, there’s a
new, more sensitive technology —
TR-LSC or Time-Resolved

Liquid Scintillation Counting

— that reduces background noise by an
additional 30%-40%, and more. This
new patented technology is available
only in Packard’s Tri-Carb® liquid
scintillation analyzers.

Originally developed for extremely
low level counting, TR-LSC tech-
nology has now been applied to a
broad range of applications. While
these don’t always require high
sensitivity, additional benefits have
been realized. By increasing sensitivity,
TR-LSC reduces sample and cocktail
consumption while shortening the
time required for accurate counts.

The benefits? Lower cocktail costs,
lower disposal costs, and
increased throughput.

How TR-LSC is superior

to older technology

Traditional counters are based on two-
dimensional pulse analysis: pulse
height and pulse counts. They provide
a level of sensitivity that’s merely
adequate for most applications.

Patented TR-LSC adds a third
dimension to pulse analysis: a pulse
index that measures over time the after-
pulses associated with background. In
doing so, TR-LSC clearly distinguishes
between beta pulses and background
pulses. By identifying, and reducing,
background noise, TR-LSC provides
a great level of sensitivity (see chart
comparing E*/B values) and more
accurate counts.

The typical beta scintillation pulse (top) is
very fast and may be followed by a delayed
component. The typical background pulse is
followed by a series of afterpulses. Patented
TR-LSC distinguishes between the two.

H e
Typical E*/B values for *H and "*C using
traditional and TR-LSC counting.

Achieve accurate counts on
samples as small as 25 plL

Traditional technology limits sensitivity.
The improved sensitivity of TR-LSC,
however, allows you to achieve
accurate DPM results for single and
dual label samples in volumes as small
as 25 pL. That can add up to substan-

tial savings in sample and cocktail costs.

Slash radioactive waste
disposal cosis

Counting smaller samples will also
reduce radioactive liquid disposal costs,
which can be $500 per drum, or higher.
While you may not pay this cost
directly, your operating budget could be
affected. With TR-LSC you can cut
operating costs while reducing environ-
mental hazards.

Increase sample throughput
by over 80%

Just as TR-LSC reduces the volume
of sample and cocktail required for
accurate counting, it also reduces the
time required for an accurate count.
By cutting background in half, high
sensitivity TR-LSC lets you count
nearly twice the number of vials of a
250-DPM sample, in the time it would
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take to count a single vial using conven-

tional technology. For lower activity
samples, the increase in through-
put with TR-LSC is even greater.

Automatic data

interpretation, too
Another advanced feature available
only with Tri-Carb analyzers is
automatic tandem processing. This
unique capability processes your
counting data automatically using one
software program after another — RIA
packages, spreadsheets, word process-
Ing, or custom-written programs — until
the results are printed in whatever
format you have specified. All this is
done automatically, without operator
intervention, for up to 30 users.

Free Investi s Guide

provides a complete explanation
of the benefits of TR-LSC

More information on TR-LSC, and
other exclusive Packard features, is
available in a new publication, the
Investigator’s Guide to TR-LSC
Technology and
Tri-Carb Liquid
Scintillation
Analyzers. For
your free copy,
mark the reader
service number
below or call

us today.

R

Call toll free 1-800-323-1891
or FAX 203/235-1347.

5 A Canberra Company

Sales and Service
in over 60 countries throughout the world.



One-touch command of precise, multi-application performance. and video cameras accomplish your objectives, you're in
That's the AH-3 Series. The all-in-one research and control of an integrated system that maximizes the value of

photomicroscopic system that delivers the superb optical each and every component.

quality you've come to expect from Olympus. For observation, photography and analysis—let us show
With these renowned optics, fully automated operation you what it's like to take command.

and extensive modularity, the AH-3 is a total workstation that Call 1-800-446-5967, toll-free and we'll arrange a hands-

stands alone in giving you automatic, user-friendly access to on demonstration. It's a performance you won't want to miss.

increasingly complex imaging tasks. Or write the Olympus Corporation,

Access that’s instant, versatile and Precision Instrument Division,
free of fatigue-induced error. 4 Nevada Drive, Lake Success,
And whether you're effort- N.Y. 11042-1179.

lessly rearranging the AH-3’s In Canada: Carsen

modules, or letting the work- Medical & Scientific Co.,
station’s 35mm, large-format Ltd., Ontario.

OLYMPUS

The Image of Quality
For information circle reader service number 81
For a demonstration circle reader service number 82




Reagents for
Electrophoresis ...

... a broad spectrum
for a wide range of
applications

e Gel Media and Additives

e Auxiliaries, Detergents,
Buffers

e Dyes and Staining
Solutions

® Reagents for Nucleic
Acid Hybridization

e Reference Standards

We also offer application-
tested reagents for a variety
of uses - now available as
ready-to-use mixtures and
solutions!

Order our “Electrophoresis”
brochure; we will send it free
of charge!

E. Merck, V Reag Bio
Postfach 4119

D-6100 Darmstadt 1
Telefon 06151/72 6181

MERCK

—HELLMA—

Dye Laser Cells.

= A complete line of stock
and special custom cells for all stan-
dard and special lasers. Also inquire

about our light sources.  see us at
Achema
For over 20 years... Booth # 6.1D7

—HELLMA— Quadlity you can trust.
Box 544, Borough Hall Station, Jamaica, N.Y. 11424
Telephone (718) 544-9534 or (718) 544-9166.
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BURN YOUR REFERENCE CARDS!

%
& ™ <
\@‘\ - %

Computerizes your REFERENCES
and prepares your BIBLIOGRAPHIES

O Maintains a data base of references

O Searches for any combination of authors, years of
publication, reference title, publication title,
keywords or abstract

O Formats bibliographies exactly as you want them

O Reads your paper, inserts citations into the paper,
and prepares a bibliography of the references cited
(optional)

O Downloads references from any Online data base
including NLM, BRS, DIALOG and Laserdisc
formats (optional)

IBM PC/XT/AT, MS-DOS, CP/M 80 .. .$1 95.00

RT-11, TSX-Plus, RSX-11, P/OS ....... 3250.00
00
VAX/VMS (native mode) ............. s650.
™
ANY MANUAL & DEMO ....... 320.00

322 Prospect Ave., Hartford, CT 06106
SYSTEMS (203) 247-8500

Connecticut residents add 8% sales tax.
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Oxford BenchMate Multi-8" /Multi-12"

The New Standard
For Continuously Adjustable
Multi-Channel Pipettes

FREE OFFER
FROM
OXFORD LABWARE!

» Dynamic Accuracy levels up to + 0.5%.

» Easy-to-use Locking Mechanism ensures selected volume re-
mains securely fixed and will not change during operation.

» Smooth, effortless movement of Thumb Plunger reduces
operator fatigue.

— — > Bfe-slet volume is confirmed by the highly visible Digital

. isplay.

Ask for details. » Lightweight, slender Body Design reduces operator fatigue.

Insulation prevents body heat from causing measurement error

during prolonged use.

For information call 1-800-645-7034
(in New York 1-516-349-4000). : o
Available in:

\ 8 channel model- 5to 50puL.
OXF©RD 8 channel model-40 to 200uL.
e 12 channel model- 5to 50uL.

12 channel model-40 to 200pL.

STLOUS MO 303 USA

©1991 Sherwood Medical Company for your varying applications.
Circle No. 198 on Readers’ Service Card




DU PONT

MERCK




Science, 24 May 1991
American
Association for the
Advancement of

Seience

1110

112

1118

1122

1131

Career Trends for the 90s

A quick tour of the ten basics: the move-
ments and counter-movements influencing
science...and some navigational advice.

Dollars & Jobs

Salaries and employment distribution by
field, locale, and gender—most recent data
plus trends.

Hot Fields

A bird's-eye view of the disciplines that
look strongest as we approach 2000.

IModel Sysiems

Thirteen scientists who've made it share
secrets of their success.

The Frenzied Life...

...or science isn't what it used to be,
according to one of our profession’'s rare
humorists, AT&T Bell Labs' executive direc-
tor of research Robert W. Lucky.

Hot Tools

Three dozen of the latest gadgets and
methods we’ll all be using some day soon.
How many are you using already?

Real Life...

... or entering academia in the '9os. The
assembled wisdom of an assortment of post-
docs, their advisers, and young profs.

Feedback Loop

A chance for you to design a better careers
special report for 1992.

Edited by Constance Holden
Graphic design: Noah Dan
Cover illustration: Guy Billout

SCIENCE
CAREERS




BS/MS Scientists

Solve the equation for success.




Pfizer Central Research has several im-
mediate openings for research assis-
tants tojoin one of our multidisciplinary
project teams. You will be engaged in
research to discover novel therapies for
a variety of diseases. All positions re-
quire a BS or MS degree or the equiva-
lent, plus relevant experience.

Protein Biochemistry

As part of a group of highly motivated
researchers, you ’lfhelp evelop biotech-
nology applications to advance drug
discovery and medicinal research pro-
grams. HPLC/FPLC experience in pro-
tein isolation/characterization and
familiarity with computer interfaced in-
strumentation are essential. Must be
willing to develop expertise in one or
more of the following areas: Structural
Analysis, Receptor Binding Assays and
Jor Immunochemical Assays.

Metabolic Diseases

Osteoporosis—As an integral
member of the osteoporosis research
team, you will contribute practically and
intellectually to the development/im-
plementation of overall research goals.
Apply established expertise tonew fron-
tiers of bone research.

Immunology, Inflammation
and Infectious Diseases

Cellular Immunology—Conduct
studies to discover novel therapeutics
for autoimmunediseases. Flow cytome-
try analysis of T and B lymphocytes,

in vitro T cell activation studies and in
vivo modeling.

Cellular Biochemistry—Identify
and understand cellular processes in-
volved in inflammatory response and
develop drug therapies to modulate
these processes.

Microbial Pathogenicity—Stud
virulence factors that determine col-
onization and host immune responses to
a novel gastrointestinal pathogen.
Biochemistry or Immunology back-
ground desirable.

Infectious Disease Modeling—
Develop new models of disease to
evaluate antiinfectives. Study bacterial
pathogenesis employing microbiologi-
cal, biochemical and molecular biology
techniques.

Pulmonary Biology—Investigate
airway disease and dysfunction. Rele-
vant in vivo and in vitro laboratory ex-
perience highly desired.

Pfizer offers a stimulating scientific
research environment with oppor-
tunities to interact with scientists from
many disciplines. In addition, we havea
competitive compensation/benefit
package that includes relocation
assistance to this southeastern Connec-
ticut shoreline community. Please send
aresumeindicating position of interest,
a description of your research ex-
perience, and names of three references
to: Mr. Kym Goddu, Personnel Associ-
ate, Pfizer Inc, Central Research Divi-
sion, Eastern Point Road, Groton, CT
06340. An equal opportunity employer.

Ffizor

Central Research

The elements of success.
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There ought

to be a fin de
siécle air of ex-
citement for the
newly fledged
science postdoc
these days: af-
ter all, he or she
will hit the most
productive
years of scien-
tific life not
merely in a new
century but in a
new millenni-
um. The hori-
zons should
seem limitless.
Except...

By Constance Holden

CAREERS IN

...everywhere our young hopefuls look
theirscientificelder statesmenare grousing.

In academia, administrators and in-
vestigators alike are hounded by money
shortages. In industry, vice presidents of
R&D are bemoaning the sluggish econo-
my, which they blame for holding down
research budgets. Policy gurusingovern-
ment are anguishing over where the next
generation of scientists will come from.
Lab heads are worrying about what new
hoops the government science police will
make them jump through. And nearly
everyone connected to science fears for
the morale and motivation of young in-
vestigators.

Confusing as all this is, there's yet
more to confound the budding scientist.
As Heraclitus might say, all is in flux.
Traditionalboundaries are dissolving. High-
tech firms are bridging the gap between
academic and industrial science; univer-
sities—and many academic labs—are look-
ing more like businesses. Lines between
basic and applied research are blurring.
Disciplinary divisions are becomingirrel-
evant—even counterproductive—as many
of the most striking research advances
are occurring on the interface of multiple
fields. Evengeographical boundaries count
for less as science becomes increasingly
globalized. And all of these potentially
exhilarating but disorienting trends are
being accelerated by the emergence of
incredible new tools—the computer be-
ing the most ubiquitous—that are alter-
ing and speeding up the process of sci-
ence at a dizzying rate.

Thus, in what may be something of an
understatement, one longtime observer
of the scientific culture, Yale economist
Eli Ginzburg, says: "It's increasingly diffi-
cult for a young scientist to have any
sense of security.”

That's one reason why Science set out
6 months ago to assemble the combined
wisdom of senior statesmen, younger
practicing scientists, and close observers
of the scientific community. Our hope: to
arrive at a consensus about the trends
most likely to affect science in the 'gos
and beyond, and to suggest some strate-
gies to help early and mid-career scien-
tists trim their sails to navigate the turbu-
lentseas ahead. Followinginterviews with
more than 100 scientists, we present this
career guide—which, if you find it useful,
will be the first of an annual effort.

What have we learned? As we pro-
ceeded, we concluded that there s in fact
no clear consensus on where science is
heading—much less agreement on the
best strategies for career planning. Even
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such core questions as: Is there a
looming manpower shortage? or Is
there really a funding crisis? are up
for grabs. So, instead, we present an
overview of the most responsible, if
often conflicting, notions. In the arti-
cle that closes this section, we exam-
ine what life seems like to the individ-
ual young academic scientist and his
or her adviser. In between, we offer
data, tips, and the personal experi-
ences of successful scientists.

One last note: Because we will ex-
pect to improve on this effort next
year, we have included a question-
naire at the end. We hope you will
respond to it so we may serve you
better the second time around.

Trend 1: The Graying of Science

The U.S. population of scientists
and engineersnearly doubled, to well
over 4 million, in the 1980s. Despite
this rapid growth, one of the chief
worries these days is the widely tout-
ed “shortfall” of U.S. scientists and
engineers expected thisdecade. That's
the result of the rather remarkable
demographic picture now shaping up:
In the late '9os, the current decline in
college enrollment will begin to re-
verse as the offspring of the Baby
Boom generation reach college age,
and many academics hired in the ‘sos
and '60s will reach retirement age.
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That means the demand for scien-
tists in academia will rise sharply in
the late '9os and early 2000s. Mean-
while the nation’'s annual output of
American PhDs has remained flat for
the past two decades, and there are
no signs it will increase. These figures
have led the National Science Foun-
dation (NSF) to project a shortage of
ahalf-million scientists and engineers
by 2000.

Whether or not this disaster will
actually materialize depends on how
you define it. Analyses by the Bureau
of Labor Statistics and the Office of
Technology Assessment (OTA) among

am» s oo

others, do not anticipate a supply/
demand imbalance in the foreseeable
future. But to people such as Nobel
prize-winning physicist Leon Leder-
man, that's irrelevant: "There’s a tre-
mendous number of tasks science has
to face—there are not nearly enough
to do this,” he says.

Scientistsare justifiably perplexed.
Although unemployment among sci-
entists is much lower than in the gen-
eral economy [see manpower tables],
the job market has been sagging in
some fields such as math, theoretical
computer science, and experimental
physics. That's led to occasional re-
ports of openings—such as one for a
physicist at Union College—drawing
several hundred applicants. Butyoung
scientists who can hang on through
the next few years may find that what's
bad news for science is good news for
scientists as the demographics work
their inexorable way.

Trend 2: The Danishing “Hatives™

While Europe and Japan are expe-
riencing the same demographic shift
relative to age, other aspects of the
phenomenon seem to be especially
troublesome in the United States: Sci-
ence education is in sorry shape, and
proportionally fewer members of the
white middle class are opting for sci-
entific careers. Women have made
only modest gains, and their partici-
pation in engineering and the physi-
cal sciences seems stuck atlow levels.
And although Asian Americans have
been conspicuously successful in sci-
ence, progress hasbeen dismal among
Hispanics and blacks. Virtuallynoone
believes that any significant change
in minority participation can be ef-
fectedinthe next decade—former NSF
director Erich Bloch himself has said
it will take about 20 years.

Instead, what's happening is that
foreign-born scientists are flooding
the United States in unprecedented
numbers. And last year's change in
immigration laws could make the trend
even more pronounced, allowing for
about 20,000 more technically trained
personnel a year to enter the coun-
try, according to tentative NSF esti-
mates. A large proportion of these
will be from the Soviet Union and
EasternEurope. AtHarvard, says Nobel
prize-winning physicist Sheldon
Glashow, four foreigners—including
two Russians—have simultaneously
received tenure offers in the math
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department. Recent appointees to
physics posts have been Iranian, Jap-
anese, Polish, Russian, Indian, and
Dutch. Andinengineering, Americans
have almost disappeared in some plac-
es—such as the University of Nebras-
ka, where, says one scientist, "Poles
are teaching the Indians now.”

Whatare theimplications for Amer-
icans? No one suggests foreigners are
nudging out the natives; rather, says
Glashow, "it'sanindication that there's
room at the top.”

Trend 3: Limits to Growth

If there's room at the top, that's
one of the few hopeful signs for aca-
demic scientists, who in the past cou-
ple of years have run head-on into
some rude fiscal realities. Everyone
seems to agree that discontentinaca-
demiais atan all-time high. Scientists
always complain about not having
enough money, said Lederman at re-
cent congressional hearings. But, he
said, "never before, inmy experience,”
has the unhappiness "spilled over to
the best young entrants and to the
graduate students.” Said MIT physi-
cist Daniel Kleppner earlier this year:
“l feel more and more uneasy about
advising students to enter science.”

PhDresearchersincreased by about
50% in the '80s—t0 419,000 in 1988—
and those doingresearch in academia
increased by 65%. Among these, the
proportion of those engaged primari-
ly in RED has increased to 25% from
less than 20% a decade ago—partly
because of the increase of those who,

unable to get on the tenure track, are
living on "soft” money. All this leads
one industrial scientist, Peter Can-
non, CEO of Conductus in California,
to say: "I think academia has become
rather overpopulated.”

Not only have bodies multiplied
faster than dollars, but costs of re-
search have been going up much fast-
er than inflation. With instrumenta-
tion, for example, cost-sharing with
the government worked well with a
$40,000 machine, but budgets are
dwarfed by equipment requiring in-
vestments of 10 or 20 times that. Con-
formance with a proliferating welter
of regulations exacerbates the prob-
lem. Federal rules covering worker
safety and toxic emissions, "if applied
fully in universities, could shut down
many laboratories” in chemistry, ma-
terials science, and, in some cases,
biology, says Harvard chemist George
Whitesides. Lastbut hardly least, new
animal welfare regulations (not to
mention animal activism) are putting
a severe crimp on research with ani-
mals.

The confluence of factors has caused
rather sudden dislocations. At NIH,
for example, although the research
budget has increased by more than
50% since 1980, the annual number of
grants has fallen by almost a third. At
NSF, only 30% of those who apply for
funds can hope to get them. There are
no signs of any substantial increase in
private sources of research support,
either from foundations or from in-
dustry. And, as the Stanford Universi-
ty overhead costs fiasco has abun-
dantly demonstrated, universities—
and particularly, expensive private
ones—have yet to figure out a way
around the cost crunch.

Ledermanraised aruckus early this
year by arguing that science funding
must return to levels that character-
ized the "Golden Age" of the '60s. By
his reckoning, that means the current
level of funding for academic science
should be doubled. But others find
this completely unrealistic. As Bloch
sees it, "the system has outgrown the
capability to support it.” Says Bloch:
"We are going through tremendous
changes"—by which he means, among
other things, that scientists can no
longer have their cake and eat it too.
But, he adds pessimistically, "people
are not fast learners.”

What's the scientist to do? Physi-
cist Bob Dynes of the University of
California (San Diego) says the diffi-
culties ingetting fundingmake it "more
clear than ever that an assistant pro-
fessor has to have guidance from a
senior professor"—someone to show

him the ropes, pull the right strings,
guide him to the best funding sources,
get him on a project that will show
payoff by tenure time. A "mentor”
isn't enough, says Dynes. "You've got
to have a godfather.” [More on thatin
“Real Life"]

Trend 4: Erosion of the lvory Tower

As competition tightens and bound-
aries dissolve, the Ivory Tower has
eroded—scienceisnolonger science’s
private business. The funding scram-
ble, as well as the increasingly pre-
scriptive nature of federal policies,
has forced science into the political
rough-and-tumble of the rest of the
world. Washington is now crawling
with science lobby groups—universi-
ties alone have opened some 80 offic-
es, according to National Academy of
Engineering president Robert White.
The unhealthy trend toward pork-barrel
set-asides as well as the increase in
cases of alleged fraud and conflicts of
interest all reflect the intensely com-
petitive milieuin whichscientists must
now work.

NIH, for example, used to be seen
as a model environment, combining
scientific freedom with financial se-
curity. But recently that citadel of
health research has seen many de-
partures by eminent scientists who
are dissatisfied not only with salary
limitations but with professional ones
inflicted by conflict-of-interest rules
and restrictions on fetal research.

The collision of science and soci-
ety is also seen in the tension be-

Continued on p. 1116

Ivory Tower linder Siege

“HighNenergy physics is in a funk—most people don’t want to

work for big teams.”
Physicist C.J. Martoff, Temple University

New federal regulations, "if applied fully in universities, could

shut down many labs..."
Chemist George Whitesides, Harvard

“It's increasingly difficult for a young scientist to have any sense

of security.”
Eli Ginzburg, Yale University labor economist

"It's getting harder and harder to do both teaching and re-

search.”
T.K. Li, Indiana University biochemist

"I think the system has really pushed people into a no-risk

approach.”
Erich Bloch, former director, National Science Foundation

"I think we have had an enormous loss of imagination that has
affected science in this country. The brightest people aren’t

being attracted to science. The feeling's not the same.”
astronomer Margaret Geller, Harvard:Smithsonian Center for Astrophysics
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“Discontent among academic researchersis at an all-time high.”
Roland Schmitt, president, Renssalaer Polytechnic Institute

“I think academia is in serious trouble. Only a very uninformed

person would pursue a career in academia now.”
Donald Shapero, NAS

"1 think academia has become rather overpopulated.”
Peter Cannon, CEO, Conductus, Calif.

“"Academia is way overspecialized. They've got the bologna

sliced so thin you can see through it.”
Donald Frey, industrial engineer, Northwestern University

“"The academic community...in my view is the segment of the
national research community least important to the nation’s
well-being.”

Rustum Roy, materials scientist, U. of Penn¥lvania

“Look for where to work other than in academe.”
Robert White, President, National Academy of Xagin

“The stigma of going into industry right out of a PhD h.

lessened.”
David Jensen, Search Masters International, Sedoi riz.
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How much do you make?
Should pathology professors earnon
average 25% more than neuroscience
professors and 50% more than biolo-
gists, as reported in the 1990 survey by
the National Association of State Uni-
versities and Land Grant Colleges? Do
we believe it is socially equitable for
assistant professors of marine biology
to be making on average about $2,000
more than the average wage of Ameri-
can policemen, three quarters of whom
have no degree, much less a doctorate?
Why in the latter decade of the 20th
century is the median salary of male
medical scientists with PhDs one third
greater than that of their female coun-
terparts?
Equallyfascinatingquestions will surely
emerge from the job market statistics
on the right-hand page. For the most
part, this special careers section of Sci-
ence is anecdotal in nature: a compila-
tion of the advice and experience of
scientists of all ages and disciplines about
the profession as they see it. These two
pages are our first annual effort to com-
pile just a few hard numbers for our
readers’ delectation. One of our wor-
ries is the lack of comparability be-
_tween surveys; another is the
likelihood that we will have
missedrecentsurveysof equal-
ly great or even greater inter-
estthan those we've published.
If you know of some that you
think we should include next
year—or if you wish to vent
your spleen at the surveyors
sampled here—please turn to
page 1148 and provide us some
words of wisdom for next
year's edition.

The Experience Gap

No matter how long the women are in science, the
disparity between their pay levels and those of their

male counterparts persists.
8o %X 1,000
Years of Males
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experience
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The Shifting Scientific Work Force
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Where the Jobs Are...and Aren’t.

NSF defines underutilization as scien-
civil engineers tists who are either unemployed, em-
LOWEST HianesT ployed part-time, or employed outside
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Continued Growth

The business of biotechnology will see worldwide sales grow to a projected $6 billion in 1993, and Biogen is a pace-
setter in that industry. One of only three biopharmaceutical companies to show a profit in 1989, we are well on our way to
becoming a fully integrated pharmaceutical company. Our creative and innovative research will begin to share the spotlight
with manufacturing and marketing as we bring more products directly to market. Products are targeted for use in the AIDS ther-
apeutics, cardiovascular, anti-inflammation, and selected cancer markets. For the dedicated scientific or technical professional,

we offer an environment that is charged with the excitement of growth, laced with entrepreneurial spirit and filled with the satisfaction
of responding to worldwide health and human therapeutic needs. Help us set the pace in one of these outstanding positions.

Research Scientists — Molecular Biology
Papillomavirus Research

This individual will contribute to our ongoing program of study in the
molecular biology and pathogenesis of human papillomavirus infection.
Specific duties include conducting in-depth studies of the virus/host
interactions that occur during human papillomavirus infection to define
pathogenetic mechanisms and determine potential drug targets.
Additionally, you will be involved in establishing cell culture and/or ani-
mal model systems. Position requires a PhD and/or MD with a minimum
of 2 years' experience in one or more of the following: molecular biology
of the skin; human or bovine papilloma virology; and analysis of human
or animal skin biopsies. Code: PR.

Receptor Gene Cloning

This individual will conduct research within the beta interferon project

team focusing on receptor gene cloning. This position requires a PhD or

MD scientist with experience in the field of growth regulation and signal

transduction. Candidates should have knowledge of cytokine receptors

and experience with cell-based assays. Proficiency in vector design and

%o%stru'gg% using modern molecular biology techniques is required.
ode: 2

Recombinant Antibody Engineering

This individual will be involved in the design and construction of recom-
binant antibodies. Candidates should have a broad knowledge of anti-
body structure and function as well as computer-aided molecular
modeling skills. A PhD plus 2-4 years' postdoctoral experience
required. Industry experience preferable. Code: RAE.

Research Scientists — Cell Biology
Immunologist

We currently have an opening for an immunologist with an emphasis on
T lymphocyte biology. The principal focus of this work will be on T cell
functions in inflammatory and autoimmune diseases, and in transplan-
tation through investigations on the molecular mechanisms of T cell
activation, tolerance, and immune regulation. This position requires a
PhD or MD/Scientist with a minimum of 2 years' postdoctoral experi-
ence and demonstrated expertise in examining T cell functions in vitro
andinvivo. Code: I.

Vascular Physiology/Pharmacology

This is an opportunity for a scientist with expertise in vascular physiolo-
gy and pharmacology to address the needs of our Cardiovascular and
Endothelial Cell Biology programs. Specifically, you will develop and
apply small animal models of thrombosis and vascular injury/repair to
the evaluation of exciting lead compounds and help identify novel
points of intervention for cardiovascular and inflammatory diseases. A
PhD or related degree is required. Experience with tissue histology
desired. Code: VP.

To apply for these immediate openings, send your resume to Biogen, Inc.,
Dept. SM524 (Reference Code Here), 14 Cambridge Center, Cambridge, MA 02142,

Biogen is an Equal Opportunity Employer.

Director of Toxicology and
Preclinical Pharmacology

This key individual will be responsible for a wide range of duties to
include: designing and implementing pharmacology, pharmacokinetic
and toxicology studies for regulatory purposes; advising on the correla-
tion of preclinical studies and clinical design; and developing the preclini-
cal development/clinical support function. Additionally, you will review
and present preclinical data as well as write preclinical summaries for
INDs, NDA, investigational brochures, protocols and publications.
Candidates must possess a PhD in Pharmacology or Toxicology and 10
or more years' experience of increasing responsibility, including pharma-
ceutical industry experience in directing preclinical programs. Code: DT.

Process Development
Protein Chemist

In a team setting, this individual will develop and optimize purification
methods used in the manufacture of recombinantly derived proteins for
use as parenteral therapeutics in human clinical trials. You will also cre-
ate and execute validation studies to support applications to regulatory
agencies. Knowledge of physical and biochemistry,specifically in pro-
tein chemistry and separations techniques a must. A PhD in
Biochemistry, Chemistry, Immunology or related field, with hands-on
experience in protein purification/characterization, and 2-5 years in
related postdoctoral research are required. Code: PC.

Cell Biology

You will be responsible for research leading to the development and
improvement of mammalian cell lines used for production of human
therapeutic proteins. This position will also be an integral part of a team
investigating methods for optimization of cell culture methods, including
culture media development. The ideal candidate will have a PhD in
Cellular Biology or Immunology or related field with 3+years’ postdoc-
toral experience. Code: CB.

Research Associate/Associate Scientist
Protein Chemistry

We currently have an opening in our Protein Chemistry Department for
an individual to prepare, characterize and release high purity protein
products for reagent use. You must have a Bachelor's degree in Life
Science and 4-6 years' experience in lab-scale production and purifica-
tion of recombinant proteins. Familiarity with bioassay techniques pre-
ferred; Molecular Biology experience is a plus. Code: RA.

Our compensation and benefits package is one of the best in the indus-
try, and is designed to attract and retain the finest talent available. Qur
Relocation Assistance is only one example of the benefits you can look

forward to at Biogen.




Computer representation of a viral protein molecule.

...WE HAVE NO QUESTIONS T0 ASK WHICH ARE UNANSWERABLE.
WE MUST TRUST THE PERFECTION OF THE CREATION SO FAR AS

T0 BELIEVE THAT WHATEVER CURIOSITY THE ORDER OF THINGS

HAS AWAKENED IN OUR MINDS, THE ORDER OF THINGS CAN SATISFY.

—Emerson

SmithKline Beecham Pharmaceuticals has an international reputation for taking an innovative approach to

drug discovery and development. We are currently seeking scientists at all levels who feel strongly about

their careers and want to pursue them in a progressive, opportunity-filled environment. If you're one such
individual, write us at: SmithKline Beecham Pharmaceuticals, Dept. S1, P.O. Box 58070, Philadelphia, PA 19102.

An Equal Opportunity Employer, M/F/H/V. s\i3

SmithKline Beecham
Pharmaceuticals



continued from P.1111

tweenelitismand democracy: Infunding
big projects, should the government
focus solely on obtaining top-quality
science, or weight decisions with geo-
graphic and other political consider-
ations? That was one element behind
the unpleasant fracas over the loca-
tion of a new magnet lab desired by
MIT, which legislators awarded to the
University of Florida. On a smaller
scale—despite the government'’s po-
sition that distributional equity will
ultimately mean better science—ef-
forts to provide special training and
opportunities for minority and wom-
enscientists may cause conflicts where
even the most promising new investi-
gators are not getting adequate sup-
port.

Trend 5: Big vs. Little Science

The eternal tensions between Big
and Little science have been brought
into stark relief with the controver-
sies over the Human Genome Project,
the Superconducting Supercollider (SSC),
and the space station. The OTA projects
that if RGD budget increases stay con-
stantat3%ayear, four mega-projects—
the Human Genome Project, the SSC,
the space station and NASA’s Earth
Observing System—will keep the rest
of basic science funding flat for most
of the decade. And that's assuming

cost estimates don'tincrease. The SSC -

alone—whose cost is conservatively
projected at $8 billion over the next
decade—is skewing the high-energy
physics budget, which is threatening a
crisis at the national accelerator labs.

3% growth, mega projects included in total

Science base

| Megaprojects

It's not just the money but also the
quality of the science that concerns
observers when it comes to NSF's en-
gineering and science and technology
centers. Although the agency says they
make for more efficient use of re-
searchdollars, Princeton physicistand
Nobel Prize-winner Philip Anderson
says they represent the "collectiviza-
tion" of research. Dynes agrees: "Indi-
vidual investigators are where thereal
creativity comes from.” The trend to-
ward largeness is also evident within
universities.Physicist John Hopfield of
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Caltech believes that "large, imper-
sonal labs in biology and chemistry”
may be discouraging students from
entering these fields. "The typical or-
ganic chemist or molecular biologist
runs a small business with students
and postdocs, and never sets foot in
the lab,” he says.

Trend 6: Basic vs. Applied

The controversy over academic re-
search funding is at root an old one
over priorities. Whereas basic scien-
tists like Lederman believe competi-
tiveness depends primarily onastrong
basic research base, engineers like
Robert White believe additional re-
sources should go, instead, for work
on "critical technologies.”

Who's right? The iconoclastic Rus-
tum Roy, materials scientist at Penn-
sylvania State University, states one
extreme position: "The academic
community...in my view, is the seg-
ment of the national research com-
munity least important to the nation’s
well-being.” White puts things more
cautiously: Last year he suggested that
there exists "a fundamental mismatch
between what the nation needs from
the research and development enter-
prise and what the science and engi-
neering community wants.” Others,
suchasHarvard's Whitesides, are more
selective in their criticism. While de-
fending universities as the locus for
basic research, he points out that they
haven't kept up with certain federal
high-priority areas like education—
including new teaching technology
based on findings from cognitive sci-
ence—and industrial competitiveness.
Concern for national security, "a ma-
jor determinant of the allocation of
resources,” has shifted from national
defense to economic competitiveness,
says Whitesides. But "one thing miss-
ing in universities is a focus on types
of research that could be connected
to manufacturing.”

Dynes believes the basic vs. ap-
plied schism is aggravated by "a funny
mentality where people think there is
some nobility in saying they do only
pure research. People in the '40s and
'sos had the mentality of taking new
concepts and thinking them through
toapplication.” That's the kind of thing
that "isgoing to have to be done again,”
says Dynes. Indeed, that's just what Al
Cho did when he came up with molec-
ular beam epitaxy [see "Model Sys-
tems”].

Trend 7 Mulfidisciptinarity

In the future, observes biologist
Peter Raven, head of the Missouri
Botanical Garden, "the ability to pur-
sue interdisciplinary careers is going
to be increasingly important.” But al-

though boundaries are dissolving ev-
erywhere, some observers believe
universities add to their problems by
clingingtoantiquateddisciplinary struc-
tures and failing to adapt to new de-
velopments. "Academia is back in the
12th century in terms of organization,”
says physicist Donald Shapero of the
National Academy of Sciences. Says
engineer Donald Frey of Northwest-
ern University: "Academia is way over-
specialized. They've got the bologna
sliced so thin you can see through it.”
The setup is reinforced by funding
agencies—for example, at NSF, depu-
ty director John White recently won-
dered if "we are really doing science a
service by the narrow disciplinary or-
ganization” at that agency.

Observers agree that scientists have
to counter these pressures by distrib-
uting their eggs in more than one bas-
ket. Columbia University molecular
biologist Alex Goldfarb says, for ex-
ample, that his academia-bound stu-
dents are putting particular emphasis
on learning techniques that are rele-
vant to industry needs. "Every gradu-
ate student has an eye on an industri-
al job as a fallback position,” says
Goldfarb.

Says Caltech’s Hopfield: "Anyone
who uses their postdoc to continue
their thesis isn't making the right kind
of investment. The market is not go-
ing to be for hiring people necessarily
doing what they were actually trained
to do.” And that's for reasons both
scientific and economic: "People with

a calling for high-energy physics,for
example, should pay some attention
to providing themselves with another
set of skills if the supercollider goes
away,” says Cannon.

Trend 8: A Shift to Industry

Whileit's by nomeans arush, there
is evidence that proportionally more
PhDs have been heading for industry
rather than academia. A long-term
trend is illustrated by statistics from
the American Institute of Physics: Of
physicists who got their PhDs before
1969, fewer than 25% are employed in
industry, but among those who got
their degrees in 1987-89, the propor-
tion is over 40%. Those employed at
universities decline correspondingly
from 47% to 28%. Indeed, the only field
where academicemploymentincreased
as percentage of total employment
was earth sciences—presumably a
reflection of the drop in exploration
accompanying low oil prices.
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One reason for the attraction of
industry is obvious: salaries are bet-
ter. And the anti-industry stigma tra-
ditionally held by academics has con-
siderably lessened as industry-uni-
versity ties have proliferated, partic-
ularly in the mushrooming biotech-
nology business.

However, industry labs aren't as
much fun as some once were as com-
panies are putting more of their re-
sources into the rapid creation of
marketable products. R&D budgets,
on average, are not expected to do
any more than keep pace with infla-
tion, says Charles Larson of Industrial
Research Institute. And static bud-
getsmean, says Larson, that "industry
is not increasing hiring very fast if
muchatall.” He says that if manpower
needs go up, they can be met regard-
less of any looming shortage: There is
more substitutability between disci-
plines and between degree levels in
industry, retraining is routine—and
there are a lot of Russians out there.
Besides, he says, some jobs currently
done by PhDs will be performed by
technicians as processes become in-
creasingly automated.

Bob Dynes, formerly of Bell Labs,
which used to be the Elysian Fields of
industrial research, says: "There's going
to be substantially less flexibility for
younger people” in industry. "When |
joined Bell Labs the only drive was to
do good science and that was enough.
That's no longer the case.”

2 4 MAY

1991

Trend 0: Globalization

It's a new—and global—ballgame
out there. Scientists must recognize
that "your sandbox is much bigger
now,” as engineer Deb Chatterji, of
BOC Group in New Jersey, puts it. As
industry consolidates and merges, it
is also becoming increasingly global-
ized. The movement is both ways, as
countries from Europe and Japan buy
up U.S. corporations or set up indus-
trial labs in the United States, and U.S.
multinational corporations establish
facilities in foreign countries.

"New PhDs are going to have to be
much more world focused,” says NSF's
John White. Chatterji points out that
this is true in many senses. First, sci-
entists increasingly need "cross-cul-
tural abilities” for dealing successful-
ly not only with foreign-born scien-
tists in the U.S. but with colleagues
and business contacts abroad. Fur-
thermore, he says, foreign employ-
ment is an "option that is increasingly
arising” as U.S. companies set up RGD
facilities or technology monitoring
offices in the Far East and many parts
of Europe. He believes the number of
American scientists and engineers
abroad, now numbering a couple of
thousand, will at least double during
the decade.

Research is also becoming much
more international as global prob-
lems such as climate change, only
dimly visible a generation ago, have
become urgent priorities. International
collaboration will be possible on a

scale never before imagined as most
of the world's scientific information
becomes instantly available by com-
puter. And the problems of develop-
ing nations make it inevitable that
more U.S. scientists (like ecologist
Christopher Uhl in Brazil—see "Model
Systems") will be heading for oppor-
tunities in health, agriculture, con-
servation, and industrial development.

Trend 10: The New Scientist

The scientist today can no longer
get away with just toiling away at the
bench. He or she also has to be a
politician, a savvy businessperson, a
communications expert, a skilled
grantsman, financially alert, comput-
er-wise, and adept in human rela-
tions. Along with increasing reliance
on computers is the need for sophis-
ticated math skills. "Creative research-
ers of the future are much more than
in the past going to have to be math-
ematically literate—everything is go-
ing to become more mathematized,”
says Cornell mathematician John Hub-
bard.

Breadthandresourcefulness count
for more than narrow expertise as
knowledge accumulates sorapidly that
old fields die and new ones are born
practically overnight. In biology, pre-
dicts Harvard biologist Walter Gil-
bert, experimentalism will die as the
“reigning paradigm” and the primary
activity of leading scientists by the
early 2000s will be "thinking.” Cut-
ting-edge technologies like DNA se-
quencing, unheard of 15 years ago,
will soon be so routine that scientists
will be purchasing them from a sup-
plier. By the end of the decade, says
Gilbert, "all the genes will be
known...and we can't go any further
than DNA." Biology, like physics, will
come to be dominated by theory. "The
starting point of a biological investi-
gation will be theoretical,” he says,
and experiments will be used only to
test hypotheses. With the technical
obstacles overcome, creative scien-
tists will be free to concentrate on
fundamental questions like: How does
the brain work?

Scientists are also going to have to
apply their creativity to shaping their
careers. As our mini-profiles demon-
strate, some shrewdly chose an un-
populated niche to make their own,
while others headed for what looked
like big areas of future growth. In any
case, "ifyoulookaroundata field and
everyonethere'soverso,” says Charles
Shank, director of Lawrence Berkeley
Laboratory, "stay away.”

Scientists will need to become more
flexible than ever as the funding en-
vironment becomes less so. And that
includes being willing to deviate not

only from conventional career pat-
terns but—more difficult—from one's
own expectations and preconceptions.
For example, scientists will need to
overcome some of their native reluc-
tance towork onother peoples’ teams.
Not everyone starting out has to have
his own lab—indeed, says Max Cowan
of the Howard Hughes Medical Insti-
tute: "We're beginning to see for the
first time some very bright people
who don't plan their own labs.” Peter
Ravenhasanevenmoreradical thought:
"A lot of PhDs think they have to
rigidly stick to research or they're a
failure.” But the need for scientific
knowledge, which has infiltrated ev-
ery major sector in society, means
that a lot of opportunities outside
research—such as in business, law,
and economics—will be opening up.

Butevenif scientists are sticking to
research, it won't hurt to be equipped
with some special knowledge about
businessandindustrial processes. That's
happening now, says Raven: "More
people in more fields are thinking
about getting MBAs.” Adds industrial-
ist Cannon, "If a person getting a PhD
wants to know where to work, he
should learn about corporate and public
finance. When you see disinvestment
... head the other way.”

If scientists want to know where
their skills will be needed in the fu-
ture, advises Cannon, "look at what
the world will be like in 2005"—and at
needs such as improved agricultural
productivity and new energy sources.
Whitesides points out that in chemis-
try, forexample, the challenges posed
by diseases of aging as well as by the
threat of more global epidemics as-
sure the future for such fields as mo-
lecular recognition and computerized
drug design. Industrial competitive-
ness may provide the impetus for re-
viving lagging research on materials
chemistry and on manufacturing tech-
nologies. And environmental concerns,
ranging from global climate change to
local waste management, call for in-
creasing power in computational
chemistry and in understanding of
toxicology.

Allrational career calculations not-
withstanding, successful scientists
always hark back to what they regard
as the most pivotal consideration of
all. As Shank puts it: "The really im-
portant thing for anybody is to pur-
sue something that they are really
wildly excited about.”
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Remember, your comments on this
overview are welcome—see page 1148.



ith the help of a variety
of scientists known for
theirbroad perspective,
we present some an-
swers here in the form of Science’s
first-ever list of "Tomorrow's Great-
est Hits in Science.” We do not pre-
tend to be comprehensive, but all the
fields mentioned combine high intel-
lectual ferment with the promise of
significant contributions to society.
We're aware of the pitfalls fashion
creates, but we've tried to avoid mak-
ing this look like a beauty contest—
while some fields are obviously ex-
tremely attractive, others, while im-
portant, may be risky investments.
You say your field is so hot that it
sizzles to the touch—and we forgot to
mention it? Hold your fire until you
turn to page 1148, where we invite you
to write a brief explanation of your
picks.

Materials Science

"In a very real sense we have en-
tered the eraof tailored materials.... New
capabilities have made it possible to
fabricate solids and surfaces with de-
sirable properties that in the past were
simply unattainable."— Presidential
science adviser D. Allan Bromley
Nanostructured materials

"In the '60s, we dealt with bulk; in
the '70s, it was surface phenomena; in
the '80s, we got the scanning tunnel-
ing microscope. Now we canget down
to nanometers,” says John Weaver,
professor of materials science and
chemical engineering at the Universi-
ty of Minnesota, Minneapolis. "I can
show you a single crystal that's just
gotten big enough to know it's
acrystal.... We couldn’t do
that 10 years ago.” We
will be able to produce
things ranging from
“artificially struc-
tured materials

where we place at- advice would you offer? Or maybe
oms where we want

il

by Flizabeth Culetta

CAREERS I'N

So your off-
spring is college-bound,
science-prone, and suscepti-
ble to parental guidance. What

you’re simply curious about which
of your colleagues may be
riding high during
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them one by one, to steel in thin
sheets at 30 meters per minute,” says
Merton Flemings of MIT.
Superconductive materials
The day when high temperature
superconductors find roles in every-
thing from power transmission lines
to motors to magnetically levitated
trains may still be far in the future,
and some of the frenzied activity of a
few years ago has simmered down.
But research on high temperature su-
perconductivity is still very much in
the forefront of materials research.
Small-scale applications are emerg-
ing, notably in the form of extremely
sensitive magnetic field detectors
known as SQUIDS (superconducting
quantum interference devices).
Biomaterials
The term includes biocompatible,
high-performance materials for med-
ical uses such as implants and pros-
theses, and biomolecular materials
based on nature’s designs. We have a
"beginning ability to design biologi-
cally fabricatable materials that na-
ture never built,” says John Hopfield
of Caltech. Physicist Donald Shapero
of the NAS says: "We can look forward
to duplicating natural materials with
the strength and toughness of a spi-
der’s dragline” as well as materials
with the properties of bone, teeth,
shell, the eye's crystal, or the sea
urchin’s spine.
Electronic, photonic materials
This class of potentially explosive
research products will lead to more
powerful computers, communications,
and control technologies. Emphases
are on increased miniaturization, the
development of
hybrid opto-
electronic
chips, and
synthe-
sizing
thin
films
and
tiny
struc-
tures of
new ma-
terials.
Structural
materials
This category included com-
positesforcarsandplanes;
ceramics for hotter-run-
ning, more efficienten-
gines, and new super-
alloys for jet engines
and other aerospace
vehicles.
Environmentally
benign materials
This class involves
low-pollutingmanufac-

the next de-

cade.

turing processes, and the design of
products for recyclability and, ulti-
mately, easy disposal.

Computational Science
Modeling

Simulation—hailed by many as a
"third form of science” in addition to
theory and experimentation—allows
scientists to explore problems and
the consequences of their theories in
ways far more complex than have
ever been possible. And, at a time
when costs are skyrocketing in every
otherareaofresearch, the falling costs
of computer use make simulation "a
completely adequate and cheap sub-
stitute for experiment” in some areas,
says Hopfield. AccordingtoLarry Smarr
of the University of [llinois, "the fast-
est growing area right now is compu-
tational biology: neural networks, mo-
lecular dynamics, modeling cell mem-
branes, modeling the entire circula-
tory system...the biosphere.”
Neural networks

"There's a revolution in both
sides—the cognitive neuroscience side
and the computer side,” says Stephen
Grossbergof Boston University. "Neural
networks are not just a more conve-
nient way to package an old compu-
tational idea. These are major new
breakthroughs in understanding how
we see or talk.” Neural networks are
already helping engineers with pat-
tern recognition and classification,
noise filtering, robotic motor control,
and even stock market predictions.
Computational fluid dynamics

With applications ranging fromair-
planes to instruments to bombs, this
field is poised for explosive growth,
thanks to faster computers. "They've
never truly been able to simulate the
fluid flow around an airplane with full
equations. They've always made sim-
plifyingassumptions. One day—we think
within this decade—that will be pos-
sible with parallel machines,” says
Ken Kennedy, professor of computer
science at Rice University.
Molecular dynamics

This field offers biologists what com-
putational fluid dynamics offers engi-
neers, giving biologists the computa-
tional and theoretical support to ex-
plore molecular configurations. "It's
now possible to carry out structural
analyses more quickly and thorough-
ly,” says Wayne Hendrickson, struc-
tural biologist at Columbia Univer—
sity.
Rational design

Acomputational approach that cuts
across many fields, this involves the
use of microdynamics and basic chem-
ical knowledge as opposed to trial
and error for designing drugs, cata-
lysts, and materials.
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Complex Systems

"Complex systems is a new inter-
disciplinary research endeavor that
draws on the fields of dynamical sys-
tems, condensed matter physics, eco-
logical modeling, learningalgorithms,
and economic modeling, among oth-
ers,” says University of Illinois phys-
icist Norman Packard. It represents
anattemptto build atheoretical frame-
work that will explain such diverse
phenomena as chaos, neural organi-
zation, prebiotic evolution, evolution
of complexity, and dissipative struc-
tures.

Chaos is the simplest of complex
systems. "Chaosisn'tadaptive atall...it
justsits there,” says Packard. The real
challenge is to "make connections
between simple and higher forms of
complexity.” One route is through
cellular automata, a theoretical mod-
el in which a problem is divided up
into discrete "cells,” which continu-
ously update their value in response
to changes in neighboring cells. An-
other approachis through developing
models of adaptive systems such as
the immune system. Packard says: "The
key word here is emergence—how do
more complex structures emerge from
many interacting components?” How,
forexample, does amind emerge from
chemicals?

"Potentially, I think there are going
to be some general principles about
how complexity gets produced that
will emerge, in flavor, similar to the
laws of thermodynamics,” opines Ste-
phen Wolfram, computer scientistand
physicist of Wolfram Research.

Optical Physics

"Where the electronics and com-
puter industry is today, [optical tech-
nology] will bein 17 years,” pronounc-
es Harvard Nobel Prize winning phys-
icist Nicolaas Bloembergern. Optics,
revitalized by the development of la-
sers and nonlinear optics, includes
applications such as holography, fem-
tosecond pulses, optical switching,
and soliton pumping.
Photonics

The term denotes systems in which
electrons arereplaced by higher speed
photons. "The growth for photonics
will be in interconnections—replac-
ing wires by light beams or fibers,”
says Bob Lucky of Bell Labs. Connec-
tions will range from long-distance
ones between cities to microscopic
ones between computer chips. "Pho-
tonsare capable of transferringagreat
deal of information at a very high
rate. We're used to a frequency of
hundreds of megaherz for TV. But with
light the frequencies are 10" to 10°
herz,” says Shapero. "It'sa seachange—
like switching coal for wood.”
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Nolecular Biology

“I think the 21st century will be the
century of biology in the way that the
20th century has been the century of
physics and of chemistry,” says Co-
lumbia’s Hendrickson.

It's now crucial to understand the
3D structure of a molecule in order to
understand how itworks. "Fifteenyears
agoevery biochemisthad tobeacloner.
Many biochemists now will become
at some level structural biologists,”
says Hendrickson. "We can't yet pre-
dict function fromstructure, but we're
moving that way,” says John Burris,
biologist onthe NAS Life Sciences Board.

Where chemistry and immunology
meet, chemists are borrowing the
immune system's power to make mol-
ecules to order. "Chemists are taking
advantage of the huge synthetic po-
tential of nature, instructing nature
tomake novel molecules,” says chem-
ist Peter Schultz of the University of
California, Berkeley. "Chemistry in the
'90s is to do chemistry asymmetrical-
ly and catalytically.” Catalytic anti-
bodies look like the best bet for ap-
proaching the catalytic power of en-
zymes.

Genetics

"I used to think of genetics as a
subspeciality of medicine. Now I think
of medicine as a subspecialty of ge-
netics.” says Fred Bieber, Harvard Med-
ical School pathologist.

Costing $3 billion, it's the largest
project ever in biology: an effort to
decipher the genetic blueprint of hu-
mans by determining the exact order
of the 3 billion nucleotides stretched
out along the 23 pairs of chromo-
somes. The map (expected to be com-
pleted in 5 years) and sequence (by
the end of the century) will be a tool
that will have early practical spinoffs
like genetic tests for human diseases
and new instruments for biotechnol-
ogy. Ultimately, it will lay the founda-
tion for molecular biology in the next
century. As a result, says Max Cowan
of the Howard Hughes Medical Insti-
tute, "the Human Genome Project will
transform medical practice.”

Thus far, diagnostic efforts have
focused onrelativelyraresingle-gene
diseases such as cystic fibrosis and
Huntington's disease. The next de-
cade will see intense effort on the
genetic components of more com-
mon—and complex—diseases such as
atherosclerosis and Alzheimer's.

Weusedtotreatdiseases with chem-
icals, says Allison Tauton-Rigby, vice
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president for biotherapeutics at Gen-
zyme—"now it's with proteins, using
the body's own defenses. If you look
at the significant new drugs that have
recently been approved, most of them
are biologicals.” Some examples: col-
ony stimulating factors to stimulate
white blood cellsand proteinreplace-
ment therapies for diseases ranging
from cystic fibrosis to dwarfism to
emphysema. The nextdecade s likely
to see the development of platelet
stimulating factors and platelet in-
hibitors for cardiovascular diseases.

After genetically engineered drugs,
the logical next step is using genes
directly to correct deficiencies. "Gene
therapy is perhaps the only way to
treat a tendency for a disease, or the
disease itself, at the source,” says W.
French Anderson, chief of the molec-
ular hematology lab at the National
Heart, Lung, and Blood Institute. "There
arenow afew hundredidentified genes
that could be used in therapy, but
there are thousands and thousands
out there” holding promise for new
treatments in almost every area of
medicine. "The next 10 years will es-
tablish the field,” says Anderson. "By
the following decade, gene therapy
will revolutionize medicine.”

Some of the differences in the way
individuals respond to drugs are ge-
netic, says David Housman of MIT.
"Eventually we'll be identifying [via
genetic testing the people who should
not get a certain drug, or those who
would be particularly good respond-

"

ers.
Immunology

Now that the basic biology of the
AIDS virus HIV has been determined,
researchers are trying to figure out
precisely how the viral proteins work
together to infect cells. Some of the
most exciting and confusing results
have come from work on HIV's regu-
latory proteins, particularly tat and
nef. But researchers are finding that
the most intensely studied viruses—
those cultured in the laboratory—may
be significantly different from those
removed from infected individuals.
This will make it even more difficult to
decide what viral strains to use when
testing prospective vaccines.

"Lymphocytes are probably the best
studied cell in the mammalian sys-
tem,” says Baruj Bennacerraf, presi-
dent of the Dana-Farber Cancer Insti-
tutein Boston. Thus "immunology pro-
vides a model system to
study...mechanismsof cell control and
growth.” Therules that generate func-

tional T and B cell rep-
ertoires, long a puzzle
to scientists, have been
identified inthe past few
years, adds immunolo-
gist James Allison of the
University of California,
Berkeley. "We're under-
standing mechanistically
what's important in gener-
ating [functioning] T cells,
and in eliminating those that
can have problems in auto-
immunity.”

It took several decades for sci-
entists toidentify the "genes, mol-
ecules, and cells that are important
in the development of the [immunel
system,” says Bennacerraf. The stage
is finally set, he says, for the develop-
ment of new therapeutic approaches.
The marriage of immunotherapy and
gene therapy—by inserting genes to
produce more tumor-fighting cells,
forexample—isjustone of many prom-
ising avenues.

Cellular Differentiation and Develop-
ment

We know DNA sets the blueprint
for an organism. But how are genes
expressed? What turns them on and
off? "With new molecular techniques
the whole field is being revisited—
areas that used to be called embryol-
ogy are now being revisited at the
cellular level, and offering new un-
derstanding of one of the great bio-
logical questions,” says John Burris of
the NAS Life Sciences Board.

Heuroscience

"Most of us regard the brain as one
of the last frontiers of the medical
sciences. | think this is one of the
most exciting areas in all of biological
sciences...[and] an area of most ex-
plosive growth,” says |. William Lang-
ston of California’s Parkinson's Foun-
dation. "Neurobiology will represent
an enormous source of opportunities
for three or four decades,” says Peter
Raven, director of the Missouri Bo-
tanical Garden. "With the application
of molecular biology to neurobiolo-
gy, many of the classical problems
that have been shelved are being ap-
proached innew and wonderful ways.”

Thanks to advances in areas such
as noninvasive imaging techniques,
genetics, and the discovery of new
neurotransmitters, "it's a very excit-
ing time at almost any level—from the
total organism, to connections be-
tween regions....down to ion chan-
nels,” according to Stephen Paul, in-
tramural research director of the Na-
tional Institute of Mental Health
(NIMH).
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Colombus
Hospital

The application of neuroscience re-
search to serious mental illness is
receivingenhanced focus through work
sponsored by NIMH and 21 other gov-
ernment agencies. Paul says there is
“very exciting work” on neurodegen-
erative disorders such as Alzheimer's
disease, and the interaction of genet-
ic predisposition with environmental
influences. Also, in the past 5 or 6
years, there has been "documenta-
tion that schizophrenia—the cancer
of the psychiatric disorders—is fun-
damentally a brain disease.”

Work on the biological bases of
addictions is also proceeding at a fe-
verish pace. Although identification
of genes predisposing people to ad-
diction continues to elude research-
ers, specific receptors are beingiden-
tified for a variety of drugs, and new
models of animal self-administration
are casting light on addictive behav-
ior.

NIMH's Paul says that by 2000 we
may be able to identify "the brain
regions subserving a whole host of
cognitive functions.” Furthermore,
"genes important to brain function
are being cloned and identified....By
the end of the century | think we will
have a much better understanding of
those genes that are expressed uniquely
in the brain to subserve important
behavioral phenomenasuchasarousal,
fear, and response to stress.” Among
the most intellectually interesting
questions, says Caltech's Hopfield, is
"what is intelligence, and how is it
embedded in the nervous system?"—
a search that combines computation-
al neurobiology, psychology, psycho-
physics, and linguistics.

Molecular systematics will contin-
ue to offer new solutions to problems
of evolutionary relationships. "Biodi-
versity is a really big, burning issue.
And molecules give you a whole new
setof data,” says Wesley Brown, biol-
ogist at the University of Michigan.



Earth Systems Science
Biogeochemical cycles

"l consider this the real science
behind global change,” says William
Schlesinger, biogeochemist at Duke
University. "If we understand the chem-
ical changes going on in the earth,
then we'll have more of a handle on
what level of climate change is possi-
ble.”
Seismology

"Understanding the physics [behind
earthquakes) and gathering better data
will be very active areas in the next
few years," says geophysicist William

Ellsworth of the U.S. Geological Sur-
vey in Menlo Park, California. Ad-
vances in paleoseismology and nonlin-
ear dynamics, coupled with a vast
increase in data processing capacity,
will lead to "a wealth of new scientific
possibilities,” and ultimately to bet-
ter earthquake forecasting.

The interaction of seismology and
engineering will lead to understand-
ing of how seismic waves become am-
plified, and why materials break down
under quake stress. "The outcome of
the entire process is that within a
decade the industrial world will be

quake proof,” says Allan Lindh, seis-
mologist with the U.S. Geological Sur-
vey in Menlo Park.
Climate modeling

Like so many fields, this one will be
greatly aided by leaps in computer
power, allowing researchers to de-
scribe clouds better, keep track of
gases like ozone and water vapor, and
for the first time model detailed bio-
logical and chemical interactions be-
tween the atmosphere, oceans, and
land.
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or young biologists look-
ingforexcitementandmon-
ey, one alternative to a benchin a hot
university laboratory hasbeenaneven
hotter bench in a startup biotechnol-
ogy company. But in the past few
years a bit of the bloom has faded
from the rose. The young scientist
who dreams about bolting academe
may be well-advised no to take the
plunge unless he or she is prepared to
become a renaissance researcher.
In biotechnology as in many other

that crosses traditional disciplinary
boundaries. As the variety of prod-
ucts continues to mushroom, firms
are seekingmore chemists, physicists,
engineers, and bioprocessors—even
biologists in older fields, such as clas-
sical pharmacology involving animal
models and microbial physiology.
Stanford University geneticist David
Botstein adds that medicine is anoth-
erimportant field—drug makers need
more people with clinical knowledge
of diseases. "It used to be in biotech-
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years of stability onaparticular project.
Large pharmaceutical companies like
Merck and Dupont are big on post-
docs, but smaller companiesarestarting
to get into it too, says Jensen.
Ready to take the plunge? While
new drugs and medical diagnostics
still constitute about half the biotech
sector, the mix is likely to get more
balanced in the future. The environ-
mental sector, now among the small-
estinbiotechnology, "is going to jump
dramatically,"in Jensen’'s opinion. “The

fields, having a dual expertise is going
tocome in handy—"multidisciplinary
typesare absolutely imperative,” says
Richard Herrett of ICI Americas. In-
deed, "one of the benefits of biotech
is it's going to force a more multidis-
ciplinary approach to problem-solv-
ing." And scientists with a head for
business are going to be increasingly
in demand as the sector reaches ma-
turity.

The industry as a whole—now em-
ploying about 40,000 people—is in a
state of transition. Growth has slowed
recently as sources of venture capital
have shrunk. And most companies
are operating at a loss because new
productsaren'tbeingapprovedatan-
ticipatedrates. Thatmeans many firms
areretrenching, and even profit-making
outfits like Genentech are merging
with large drug companies.

This is dramatically changing com-
panies’ personnel needs. Biotech is
no longer the exclusive domain of
molecular biologists. "The nature of
biotech," Herrett points out, “is the
application of nontraditional solutions
to traditional problems.” And that
almostalwaysrequires problem-solving
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nology the problem was making the
stuff, now it's showing that it's any
good,” he says.

Furthermore, biotech firms are di-
rectingmore of their strained resources
into getting products to the market.
That means scientists who also have
expertise in patent law, business,
marketing, manufacturing, or regula-
tory affairs will have an edge over
pure researchers. So if you want to
switch careers, you ought to be sure
you're holding some extra cards.

Nonetheless, biotechis increasingly
attractive in some respects. The growth
of the industry—and especially the
academicatmosphere of smaller com-
panies—has done much to lessen the
stigma against industry work held by
many academicresearchers. Andhead-
ing for industry immediately on com-
pleting one's PhD may become more
common: One of the biggest changes
in the past couple of years, according
to David Jensen of Searchmaster In-
ternational of Sedona, Arizona, is that
there are now far more postdoc op-
portunities in industry. They pay bet-
ter—$30,000, about$10,000more than
an academic postdoc—and offer two
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market is absolutely ready,” he says,
for things like diagnostic kits for en-
vironmental toxins, biodegradable
plastics, and products for bioremedi-
ation. And agricultural biotech may
hold the greatest economic promise
of all once its potential is unleashed.
Currently, says James Taveres of the
NAS board on agriculture, small com-
panies are cutting back both because
they lack the "economic push” to gen-
erate the necessary knowledge for
new breakthroughs, and because reg-
ulatory obstacles are particularly se-
vere in agricultural biotech. But the
high priority the Administration has
placed on biotech may smooth the
road, and the economic picture may
change when oil prices rise.

With regard to medical applica-
tions, Anderson names four areas that
he thinks will be growing the fastest
in the coming years:

Neurobiology is taking off, with
about 2o startups in the past few years.
Drivenin large part by the aging of the
population, companies are capitaliz-
ing on genetic findings to develop
new drugs for Alzheimer's and Par-
kinson's diseases in particular, as well
as for schizophrenia.

Human gene therapy is moving
beyond the first phase of genetically
engineered drugs: Eight or nine
companies have beenrecently formed
to produce virus particles that can be
inserted in blood cells to correct
immunedeficiencies and other diseases.

Anti-sense therapyinvolves DNA
or RNA molecules with complemen-
tary sequences that combine with
defective genes to knock them out.A
dozen new companies are working on
anti-sense genes.

Transgenics, the injection of ge-
netic material into germ cells, has
applications for both agriculture and
human health through the creation of
more productive or disease-resistant
animals, and animal models with ge-
netic susceptibilities to human dis-
eases. o0
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Stanford University geneticist David Botstein says all the key choices in his career
had a negative motivator: "phobia of the herd.”

One of America’s foremost geneticists, Botstein is best known as a developer of
Restriction Fragment Length Polymorphism, or RFLP, technology. He has been a yeast
man for two decades, having helped establish yeast as a model genetic system for the
study of biological problems.

What's brought him such success? Some might point to his uncanny ability to sense
where future events would be taking the life sciences. But Botstein, 48, says his "contrar- sity geneticistDavid
ianimpulses” dictated his first critical choice back in the '60s: "not going to medical school

That Maverick Moment

Stanford Univer-

Botstein, 48, is best
when everyone else was.” That, he says, "was a major choice for many biologists of my
generation,” but instead he resolved to do pure science. His next push against the mainstream was to g0 into genetics known as a devel-
rather than biochemistry, which was the prevailing fashion. oper of RFLP tech-
After attending graduate school at MIT, Botstein took a more daring turn: halfway through his program he moved nology.

the University of Michigan (where his future wife had been admitted to medical school). Conventional reasoning was
‘] was throwing away my career,” says Botstein.

In the late '80s, after spending most of his career at MIT, Botstein once again defied convention by jumping into
the world of biotechnology at Genentech. Joining industry is still infra dig in some circles: "I'm still getting attacked
for 'selling out.” But I still think it was the best thing I could have done for my education—I learned more in 3 years
there than in many previous years.”

Botstein, who came to Stanford last year, keeps his feet in both camps by doing consulting for Genentech. Although
very much in the mainstream, he still manages to raise eyebrows with his version
of how he keeps up with the literature: "I avoid all papers with certain key words
like ‘oncogene’ or ‘transcription factor'—all the hot topics. People are really
shocked by this. But I say in hot fields like these, each change is incremental; if it's
important I'll hear about it."

Botstein's advice to postdocs: "Look at how good the students are where you're
going. They're the ones who will be doing the work.” But don't build up a big lab,
he says, because, as principal scientist, "you need to have time to think. Money is
less important than the quality of the work.” He also tells his students "teaching is
good for them.” "Teaching and research,” he observes, "have become completely
dissociated. And teaching tends to be worse the more famous the institution.”

Adaptability has been a crucial factor in the career of chemist Marye Anne Fox,
who learned a valuable lesson early on: When confronted with two desirable but
apparently conflicting courses—try doing them both.

There was Fox, in the middle of graduate school, and suddenly she's pregnant. "I
had to decide at that point whether to continue” in school or put a hold on the
scientific career. She continued and found that "everything else fell into place"—she
ended up having three sons anda PhD. Now Fox feels she has the best of both worlds:
afamily plus a separate life doing research on organic photoelectric chemistry at the
University of Texas. And this year her achievements were recognized when she was
appointed to the National Science Board of the National Science Foundation.

While many scientists wring their hands over the hurdles faced by science-minded
girls, Fox, 44, says she personally never suffered doubts because of her gender. To
the contrary, she says, "times were different [when she was in high schooll. In those
days people who were reasonably bright were interested in science.” Why chemis-
try? Fox considered the field an obvious choice because it enabled her to steer clear of the "messy" aspects of biology
as well as the "extreme emphasis on math” in physics.

In other respects though, Fox hardly made things easy on herself. Unlike many ambitious women, she not only got
married promptly after graduating from Notre Dame—she married a medical student. He was in Ohio, so she went for
a master’s degree at Cleveland State, where she could get the degree in a year and "still support him."” She pulled this
off by teaching in the Cleveland public schools.

Fox pursued her professional development despite years deferring to her husband’s career. For example, when her Marye Anne Fox,
husband got a residency in Hanover, New Hampshire, she embarked on a PhD at Dartmouth. In her second year at
Dartmouth, she became pregnant, yet completed her doctorate in organic photochemistry in 3 years. When her husband

L&, does research

got drafted and had to go to Washington, D.C., Fox became a postdoc at the University of Maryland. When he set up on photoelectric
his practice in Austin, Texas, she got a faculty research appointment at that chemistry at the
university. . .
Everything hasn't been Mary Tyler Mooreish, of course. Fox and her husband University of Texas
eventually divorced. But today, she is happily remarried and now has a total of in Austin.

five sons. If anything, she thinks family demands have helped her career—"I am
probably more organized than | would be.” But mostimportant, "It was very useful
to come to the realization as a second year graduate student that [family vs.
career] needn’t be an either/or decision.”

Having It All
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Seein ng
?eyon
Boundaries

At Berlex Biosciences, we focus

our guest on the science of oncol-
ogy and cardiovascular disease. We
understand that there is no clear-cut
path to tomorrow’s breakthroughs.
Instead, it's the anticipation and the
challenge of being on the brink of
discovery that intensifies our vision.
That's why the individuals we seek
must be true visionaries. People who
see the forest, the trees, and beyond.
People who are truly excited by
challenge and have the initiative,
tenacity and inner drive to match.

Long a recognized name in

the pharmaceutical field, Berlex
combined the experience of Codon
and Triton Biosciences—now
known as Berlex Biosciences and
Berlex Laboratories. These research
and development companies offer
avariety of opportunities, including
the chance to develop potential
health care products, to join top-
notch research teams in state-
of-the-art facilities, and to make
important contributions to a
worldwide health care company.

Join us as we continue to see
beyond the boundaries and strive to
reach our goals for tomorrow. Cur-
rently, we have opportunities for
highly experienced professionals in
the following areas of research and
development:

e Biochemistry

* Protein Chemistry

* Analytical Chemistry

e Cell Biology

e Immunology

* Biochemical Engineering
e Process Development

* Molecular Biology

* Pharmacology

AsaU.S. subsidiary of an inter-
national Fortune 500 company, we're
committed to an environment that
fosters innovation and creativity, a
place where those with a passion for
challenge will find it in abundance.
We offer competitive salaries and a
full complement of benefits includ-
ing relocation assistance. For con-
sideration, please send your resume
to: Berlex Biosciences, Human Re-
sources, 213 E. Grand Avenue,
South San Francisco, CA 94080. We
are an equal opportunity employer.

BERLEX

THE BESTIS ——————
YET TO COME BIOSCIENCES




2 4

Steve Be Nimble

Microbiologist
Steven Geary, 38,
of the University
Connecticut, spe-
cializes in myco-
plasmas.

Forty-two year
old ecologist Chris-
topher Uhl studies
the impact of hu-
man activities on
the Amazon.

Jungle Pioneer

MAY

It's very rare for mid-level scientists to move to academia once they've established
an industry career not only because industry salaries are usually better, but because
academics "view industry people as profit-oriented and not so much interested in
science for science’s sake.” So says microbiologist Steven Geary of the University of
Connecticut, who has pulled off the switch by "keeping my options open.”

Geary, who specializes in mycoplasmas—he discovered a receptor for Mycoplasma
pneumoniae and its corresponding binding protein—got his doctorate from Connect-
icutin 1980, where he received the usual advice from professors who tend to encourage
graduate students—particularly the better ones—to go into academia. But after finish-
ing his postdoc at the University of Missouri Medical Center, Geary was recruited by
Schering Animal Health in Omaha, a division of Schering-Plough Corp. He took the job
because the salary and benefits were excellent (he has a wife and two children) and he was given freedom and plenty
of money to set up his own lab.

But one side of working for industry—the concern for protecting proprietary information—began to get to him.
Company people were inflexible about letting him go to meetings and present papers, even on nonproprietary research.
If he couldn’t be free to advance his career by gaining some public recognition, he says, "1 felt that in a few years | would
have no option but to stay” in industry. He was also troubled by the potential instability: If profits start falling in
industrial labs, there are administrative shakeups and a scientist can find his project canceled overnight.

So when a friend started a new biotech company in Lake Placid, New York, Geary bolted. There, as director of R6D
on developing diagnostic tests for mycoplasma contamination in cell lines, he
found near-ideal conditions: an academic atmosphere where publishing was
encouraged, plus the "fun and excitement” of working on applications for profit.

But after 4 years the research section was dissolved in the wake of a financial
crisis. "For stability's sake” he applied for an opening at Connecticut, which
welcomed him back. Geary believes the anti-industry stigma at universities is
lessening, but he also points out that he took care to maintain his scientific
visibility—even at Schering, where he kept his options open by having an adjunct
position at Nebraska's Creighton University Medical School. Observers have noted
that scientists who switch between the public and private sectors often get asevere
case of "culture shock.” But, says Geary, "I know both sides of the fence now.”

_Restriction digest map of Mycoplasma Gallisepticum cloned DNA fragment designated pMg6.

© Uniphoto Like so many professions in contemporary America, science is prone to what
might be called hyperactive careerism: the view that success comes from the
singleminded devotion to a calling from early on and decades of 80-hour weeks.
But like all myths, this one can be demolished by examples from the real world.
Take tropical ecologist Christopher Uhl.

In college, Uhl majored in Japanese studies and "merely endured" his intro-
ductory biology course. He later spent a year in Japan and returned to the United
States to teach at a Virginia reform school. One day in 1974, Uhl awoke, at age
25, to an apotheosis of sorts. "I was ‘fishing’ around, guessing that it would be
worthwhile to go back to school,” when "I walked into an ecology class.” Says Uhl:
"Halfway through the lecture, | knew I had hit paydirt. | walked home thrilled,
sensing that I had found, in a twinkling, a life’s work.”

From then on, everything seems to have fallen together. Uhl swept through
a PhD at the University of Michigan and a postdoc at the University of Georgia: "I especially like ecosystem science
because it puts numbers on how the world works and features humans as key actors.” By 1984, he was deep in Amazonia,
studying the effects of human activities on the environment.

Today he lives with his family in a mud-walled, tin-roof house on the banks of the Rio Negro, Brazil. He is one of only
a handful of serious researchers in Amazonia, where he has been evaluating the ecological impacts of ranching,
agriculture, and logging in one of the areas of most intense deforestation in the Northern Amazon. An associate biology
professor at Penn State University, he was recently awarded a Guggenheim grant to write a book on his research and
to develop a battery of techniques that local citizens can use to inventory and make best use of their natural resources.
He also plans to train some of the new cadre of Brazilian environmental scholars—on whom "the ultimate fate of
Amazonia will, to a large extent, depend.” ’

A tall order for a single pioneering researcher. But, biologist Peter Raven says that
if anyone can do it, it's Uhl, who is not only an “impressive experimental researcher,”
but who "has been willing to put himself right on the line" with social action.

Uhl advises those who want to follow in his footsteps not to "worry about saving the
world. Do what you do well and that will be enough.” On a practical level, he says that
environmental scientists seeking to do work in the Third World should use postdocs
to broaden themselves as much as possible—including training in information process-
ing, resource economics, writing, even history and law. Then Uhl adds his rather special
perspective: "Don't rush the job search—enjoy your situation, enjoy the fact that you
are unknown with few obligations.”
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Electronics engineer Alfred Cho of Bell Labs
wanted to be a painter or calligrapher as a youth in
Shanghai and Hong Kong—"My first love is art.” But
he hearkened to the advice of his father, a Colum-
bia-educated economics professor, who suggested
"1 probably should study something in which | can
earn a living." So when Cho came to the United
States for college, he studied electrical engineer-
ing, thereby starting a career that has been both
creative and remunerative. He now has about 40
patents in molecular beam epitaxy, a technique for
growing uncommonly pure crystal thin films, which
is contributing to the development of a new gener-
ation of optical and electronic de-
vices. Indeed, many would call Cho
the father of molecular beam epi-
taxy.

Cho, 53, is an example of a re-
searcher whose work has focused
on the same basic phenomenon—
molecular beams—over 30 years,
while the implications and appli-
cations of the work have changed
dramatically. His success has been
related to his ability to adapt les-
sons from fields of former exper-
tise tonew areas—part of the "cross-
fertilization” he believes is the key to creative
science.

After getting a master’s degree at the University
of Michigan, Cho wanted to see the rest of the
country and find out about life in industry. That was
during the Kennedy years, when everyone was
enamored of space travel. He ended up at TRW in
Redondo Beach, California, where he spent 3 years
working with physical electronics engineer Hay-
wood Shelton on high-intensity ion beams, in cryo-
genically cooled vacuum systems simulating outer
space, for the development interstellar of propul-
sion systems.

So absorbed was he in the work that he forgot
about Michigan until the university told him that if

Freewheeling in Industry

There'sabonmot that has been making
the rounds of some university labs, to the
effect that "freedom is becoming academ-
el

Indeed, while funding shortages and
bureaucratic demands have been making
heavy inroads on the independence tra-
ditionally enjoyed by academic research-
ers, some industry scientists—like Dupont
chemist Edel Wasserman—find that an
industry job can offer considerable lattitude and
variety, at least within the context of corporate
needs. Wasserman's career has spanned three
different industrial labs and covered both basic
research and administration in a central research
environment. On occasion he has been immersed
in new fields almost overnight.

Now 58, Wasserman went to Bell Labs—after
getting a Harvard doctorate in chemistry—where
he did basic research until 1976. For g years he
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wanted to come back for his PhD he'd better get
cracking. Although returning to academia after more
than 4 years was a wrench, he maintained continu-
ity, doing his doctoral thesis on aspects of TRW's
ion beam experiment. Cho, as it turned out, was
riding a historical wave: the shift from vacuum
tubes to solid state. Thus, although he had not
changed fields, propulsion systems were behind
him—he was now at the frontier of electronics. That
meant that in 1968, when a job at Bell Labs was the
ultimate dream of many a researcher, Bell was
falling all over itself courting Cho.

At Bell, he worked with John Arthur, whose
interest was in using molecular beams to grow thin
films. But while Arthur’s focus was on the basic
physics and chemistry of atomic interactions with
solid surfaces, Cho wanted to carry the
work through to practical application.
For precise control of films less than
100 atoms deep, he needed a technique
to grow thin film crystals in a totally
uncontaminated environment. So he
summoned up his TRW experience, and
became the first scientist to use ultra
high vacuum, surrounded by a liquid
nitrogen "shroud,” to grow high-purity
crystals. "It was the use of a technique
developed for a totally different field,”
henotes. Thus was born molecular beam
epitaxy.

Cho also had the benefit of a sustained commit-
ment from Bell—"If Bell labs hadn’t supported me
for long-term research, today you would not have
MBE." Resisting offers to go into management, he
stuck to MBE for 16 years, bringing it to full matu-
rity, where applications include the creation of
high speed laser-driven circuits for optical fiber
communications networks.

"That's the value of cross-fertilization, " says Cho,
who believes his career makes a good case for
interactions not only between disciplines but be-
tween academia and industry, and between basic
and applied research. So did Bell Labs: Last year,
the nation's premier industrial lab made Cho direc-
tor of semiconductor research.

Thinking Big

Margaret Geller, astrophysicist and MacArthur
Foundation "genius,” is the quintessential basic
investigator. "l always wanted to do MY thing," she
says, and her main thing is tackling the "big ques-
tions."” Asaphysical cosmologist studyingthe structure
and origins of the universe, she's got the biggest
ones of all.

How does she explain her renown? She cites
three keys: as an undergraduate studying math at
Berkeley, she took a course with solid state phys-
icist Charles Kittel who gave her some "wonderful
advice:" to "look for a field that would be very
exciting 1o years after I got my PhD because that's
when | would be mature as a scientist.” Kittel
named two fields he thought were opening up:
astrophysics and biophysics.

Asecondkey, after Geller got her doctorate from
Princeton in astrophysics, also came from a mem-

orable comment. While doing her postdoc at the
Harvard-Smithsonian Center for Astrophysics, phys-
icist Alistair G. W. Cameron noticed she was "flail-
ing around” with routine problems. He asked her:
"Do you do problems because you can, or because
they're interesting?” Geller realized she was doing
the former, and changed course. Now she and
colleague John Huchra lead the group doing the
center's Red Shift Survey, the first group to discov-
er large coherent patterns in the distribution of the
galaxies.

Geller has an appetite for challenges—"I like to

straddled two worlds, also being
professor at Rutgers University.
Then he got an offer to try yet a
third type of job—as director of
the Chemical Research Center at
Allied Chemical (now Allied Sig-
nal). He took it, attracted to the
prospect of trying out new ideas
and "dealing with a substantial
group of talented people.”
"Administrationgivesyoualarg-
er view of where opportunities may be,” says Was-
serman. Nevertheless, trying to implement new
ideas takes a lot of time. So, when Dupont offered
him a chance in 1981 to pursue some of his own
technical interests—such as in oscillatingreactions—
he took advantage of it. Now, as Associate Director
of Chemical Science, he is involved in technical
activities as well as administering exploratory pro-
grams for new materials and chemical reactions.
Wasserman thus has considerable perspective

o> s o

on life in science. How to prepare oneself? "The
most important thing, particularly in industry,” he
says, "is to be able to train yourself, continuously
updating your capabilities.” He adds: "Previously
you could become an expert in a certain area
and expect to continue as a productive individual
for decades.” But now, "technology is changing
more rapidly than ever.” Research projects tend to
be shorter term with the current industry push
toward rapid development of applications—"we
want things to happen over 5 years rather than is.”
But while that's not for the individual who wants to
spend a lifetime in a single field, it also means a
fast-paced environment and a lot of opportunities
to learn.

"There can be major changes in the subject you
are dealing with ona much shorter time scale,” says
Wasserman. For example, a few years ago "high
temperature superconductivity exploded in a peri-
od of weeks." Dupont promptly set up a major
effort. "All sorts of new skills became necessary.”
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put myself in the way of something that's happening.” In fact, nowadays she
isgettingincreasingly involved in an ancillary career makingscience films. She
also thinks she has been extremely lucky, particularly in having Huchra as her
collaborator. The two have enjoyed an unusually close and productive rela-
tionship, in which Huchra does the observations and Geller the theorizing, that
has lasted 15 years. It has "given us the courage to do big longterm risky projects
that neither of us would have embarked on alone,” she says.

Geller, who spends a lot of time advising graduate students, remembers
Kittell's counsel to her: "I tell them you should be thinking ahead to problems
on the distant (early) universe” with new telescopes that can now search
billions of light years away. "Today in science, things get mined very quickly,”
says Geller. "You really have to be thinking where is the next thing that's going
to yield important results.”

Jack of All Trades

John Hopfield lives up to his name. Trained in
theoretical physics, "l now wander between fields.”
Currently situated between the physics and biology
departments at Caltech, he's doing research on how
the nervous system works from the standpoint of
computer science and electrical engineering. ; ;

Hopfield has also hopped sectors, having spent the | &
first few years of his career at Bell Labs, where he still does consulting. "That's
how 1 keep in touch with the real world.”

Hopfield, 57, says his key career moves have been deciding "to get out of
something and into something different. Changing fields has made my life
more different from other peoples’ and made me amore interesting, if shallow,
scientist—a dilettante rather than a narrow scholar.” Hopfield believes physics
has supplied an excellent base camp for his forays from condensed matter
theory to biological molecules to neural networks. "I still tend to regard broad
education in physics as the best possible education in doing science.”

Notsurprisingly, Hopfield thinks universities suffer from being "locked into
departmental structures.” So new PhDs should look to broadening their
expertise: "Anyone who uses their postdoc to continue their thesis isn't
making the right kind of investment.” The job market of the 'gos, he adds, "is
not going to be for hiring people necessarily doing what they were actually
trained to do.”

Hopfield believes people starting out should aim for "the best possible
institution you can be at.” But in the longer term, one should be ready to hop
into the unknown to find one's niche. He mentions, for example, a young
scientist who grimly accepted what he thought would be a job in exile at the
University of Oregon. There, "He found he was the only liberal in town...he
organized the town's first ACLU chapter. He found a whole new world.”

Fast turnarounds may be easier for industrial
scientists, who usually have a wealth of sources—
including courses— available to them, and time to
learn whatever they need to do their jobs better.
Wasserman says industry people are also able to
focus on research without other time-consuming
duties, which allows them to seek collaborations
with others both inside the company or with aca-
demic and government laboratories. "You can pret-
ty much walk into anyone’s lab or office to kick
around an idea, and more formal collaborations
can result....That's really a part of our job,” says
Wasserman. What's more, "our immediate worlds
canbe very much under our control—one can some-
times take off a few days or even a few months to
pursue an interesting lead.”

In short, says Wasserman, "if there's a good
match between the company's and your own inter-
ests, industry can be a fine place to work."

mate modelers.
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"I have always wanted to be a scientist from
the time | could read,” says Warren Washing-
ton, now one of the nation's top global cli-

After getting his doctorate from Pennsyl-
vania State University, a willingness to take
risks installed Washington on the ground floor
of what turned into a superhot field: at a
meeting in Canada in 1962, he had beers with
agroup of atmospheric scientists who advised
him to go to the newly established National

Late Bloomer

Not all happy, successful scientists emerge full-
blown fromacademia'shhothouse. Roger N. Beachey,
46, founder of the two-year old Center for Plant
Science and Biotechnology at Washington University
in St. Louis, has triumphed despite early mediocrity
and frustration. The lesson he cheerfully embodies:
not every successful scientific career began with great
grades, single-mindedness, and unerringcareer choices.
At Goshen College in Indiana, Beachey's interest in
having a good time held him to a lackluster B- average
despite his long-time interest in plant viruses. Then
the Viet Nam war came along. Beachey didn't know
what he wanted to do, but he knew one thing: he didn't
want to fight in that war.

He became a conscientious objector;recalling today that the choice "forced
me to make a decision” about future plans. High school teaching—the course
some of his teachers advised—didn't appeal. Instead, when offered a chance
to work at a plant pathology lab at Michigan State University, he jumped at it.
This led directly to a PhD in plant pathology and virology.

Under normal circumstances, Beachey probably would have gone on to a
position at a land grant university doing classical plant pathology. But after
doing his postdoc at Cornell, Beachey discovered that "nobody wanted a
molecular virologist. I couldn't find a job in virology anyplace in the country.”
So he took his second significant gamble: he went back for another postdoc—
this time on gene regulation in soybeans—to broaden his expertise.

The timing was fortuitous: he completed his work just as just as some big
breakthroughs were occurring in plant genetic engineering. Washington Uni-
versity, attracted by the scope of his training, hired him in 1978. Soon after-
wards, Monsanto decided to establish a biotechnology unit, and looked to the
university for collaboration. They gave Beachey lots of money and freedom,
and "from that led everything | had dreamed about putting genes into plants.”
His group went on to develop virus-resistant tobacco and tomatoes, becoming
the firstin the country to develop transgenic disease-resistant plants. And that
success allowed him, in 1988, to set up the center, which does research on
mechanisms of disease resistance in tropical food crops.

Despite the urgent need for agricultural breakthroughs, funding is still
meager for plant science, says Beachey. And people who want to get into plant
pathology now more than ever need to have the kind of flexibility he has
demonstrated. In fact, Beachey says "As a department chairman, | wouldn't
hire anyone who had done the same thing [throughout his or her trainingl.” And
that generalization doesn't just apply within plant science. "To be trained in
one area any more is anathema.”

In on the Ground Floor

Center for Atmospheric Research in Boulder, Colo-
rado.

He ended up having to chose between a Navy job
for $12,000 a year, and NCAR for $9,000. "It was a
complete unknown, " but he jumped for NCAR. Little
did he suspect that 27 years later he would be
visiting the White House to tutor chief of staff John
Sununu on greenhouse warming models.

Money's not everything, says Washington, s7.
"Go where you will be stimulated. Be on the cutting
edge of research.”



One Thing Leads to Another

Harvey Cline’s plan, after he got his PhD
from MIT in physics in 1965, was eventually to
become a university professor. But he decided
to get some industry experience first—"I didn't
want to be
an appren-
tice"—and
besides, the
atmo -
sphere, at
leastatMIT, ®
seemedtoo |
competi-
tive. 2]
thought in-
dustry
would be
morerelax-
ing.”

This year, after 25 years of "relaxation” at GE,
Cline has been awarded his 125th patent, mak-
ing him the third most prolific inventor in the
g9-year history of the company. It seems that
after a few years in the company he got "basi-
cally hooked" on a variety of research projects.

The secret of Cline's extraordinary success,
at GE's Research and Development Center in
Schenectady, New York, may be his willingness
to move to new challenges. Cline’s original
interest was superconductivity, the subject of
his PhD thesis, and his first 15 years at the
company—during which he racked up 16 pat-
ents—was devoted to the development of high
temperature metal alloys.

Then, in 1970, he switched to the blossoming
field of electronics, where he collaborated on
the invention of a technique called thermomi-
gration that greatly reduces the fabrication time
for certain microchips. This resulted in a veri-
table blizzard of patents—so in all.

Next, Cline moved on to laser processing and
the development of interferometry techniques
for the industrial inspection of surfaces. And
the 3D inspection of objects led him, in 1983, to
yet another field—3D medical imaging via com-
puterized tomography and magnetic resonance
imaging. The latest of 10 patents covers a sys-
tem for the rapid conversion of millions of
computer calculations into 3D images.

"Many people work on the same subject for
20 years,” says Cline, 50. But because he has
been willing to move from subject to subject, he
says, "my colleagues and [ had a steady rate of
invention....| was fortunate to select interest-
ing problems that are not only soluble but also
are of commercial interest.”

"There'sadownside to changing fields” though,
Cline points out. "There’s a learning period
where you feel uncomfortable, and there's a
chance that a new area may not be productive.”
Also, management can be sticky about letting
people cross organizational boundaries. Says
Cline: "I've often thought of moving [to employ-
ment elsewhere] when | am in a period of tran-
sition and frustration.” But in the end, "I have
always been able to find something that was
interesting here,”
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Walking the Cutting Edge

Jim Hawkins, 37, is an
optimist and a "builder” who's
always been attracted to the
cutting edge in biology. For
Hawkins, that's turned out to
be the ideal formula for being
asuccessful biotech entrepre-
neur. His new company, Syn-
thecell of Gaithersburg, Md.,
is one of a tiny handful in the
struggling world of small bio-
tech companies that is currently turning a profit.

Hawkins has had an eye on the scientific fast track
since he followed the advice of his undergraduate
adviser, who pushed him to go to Baylor University. It's
"a rising star,” his adviser told him: "You want to get
into a new field.” Hawkins entered the PhD program in
cell biology at Baylor College of Medicine "at a time
when [some scientists were| wondering whether the
genes of the human organism would ever be
understood....My thesis 5 years later was on the isola-
tion of human genes.”

Hawkins got his degree in 1982, just when "molecular
biology was going from a curiosity to the foundation of
anew science.” He got some handsome offers—a job at
Genentech, and postdocs at Harvard and NIH—and
chose NIH, he explains, because it offered an exclusive
focus on research as well as an excellent view of its
applications. "NIH is probably the most horizontal
association of scientists that can exist,” says Hawkins,
who worked at the Eye Institute at a lab run by Joram
Piatagorsky.

But Hawkins had entrepreneurial instincts, which
were crystallized at his next job: a year as assistant
professor at the Uniformed Services University of the
Health Sciences in Bethesda. There he encountered
pediatrics researcher Ken Hunter, founder of two bio-
tech firms, who was a "significant influence” in getting
him more interested in the applications of biotechnol-
ogy, particularly the new generation of synthetic bio-
molecules. He also got to know Jeffrey Graham, a
Washington lawyer with a keen interest in the biotech
field (Graham now runs the Toronto Biotechnology
Initiative in Canada).

One day Graham said to Hawkins: "You are at arare
moment where you can made a decision to go any-
where you want. Why don't you start a company? It's
really very simple.” The rest is history. With Graham's
help, Hawkins and Robert Somers, also of the Eye
Institute, incorporated in December 1986 and prompt-
ly started operations. By the end of 1989 they were
putting out their first product line. The company sells
synthetic DNA and is the first commercial purveyor of
anti-sense DNA. And now the firm is getting into syn-
thetic peptides.

Last year Synthecell turned its first profit and hired
its first professional manager. What's more, in January
the company started a journal, Anti-Sense R&D, which
Hawkins edits. And it has launched asubsidiary, Genet-
ic Medicine, for longterm research on such products as
anti-sense applications for viral diseases. Synthecell
now has 20 employees and plans to expand to about
100 in the next 5 years.

What's Hawkins' secret? First of all, he thinks "the
kind of people that pioneer things are a very particular
kind of people. They look at things differently—they
see more possibilities in everything.” They're also op-
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timists and risk-takers. "You have to develop an
attitude. More than an evolution, it's a kind of flip
of the switch in the brain. You have to want to enjoy
risk, and seek out those who do...people who like
to build things.”

Hawkins advises that starting a company "re-
quires more than an elegant scientific idea and
technical expertise.” It also takes solid business
sense—in his case, that meant turning down offers
from venture capitalists and instead aiming to be-
come self-supporting as rapidly as possible. But, he
adds, "it is a very humbling experience to have to
build a company and to pay your way. Starting
something is actually pretty easy. The bigger risk is
that it will succeed.”

Smarrty Pants

Ifit weren't for supercomputer superwhiz Larry
Smarr, who heads the supercomputing center at
the University of
lllinois at Urba-
na-Champaign,
scientists would
probably still be
trying to cadge
time on Energy
Department su-
percomputers.
Smarr’s the one
who got the NSF
interested in set-
ting up a nation-
al network.

Smarr, 42, has always been a high roller. In the
early '70s, after the death of his Stanford adviser,
physicist Leonard Schiff, he was confronted with
the choice of switching fields or going somewhere
else to study his passion: general relativity. So he
went to Texas to work with Bryce DeWitt.

"That was really a shot in the dark,” says Smarr.
He wanted to solve the Einstein equation for non-
linear spacetime, a problem impossible to tackle
with pencil and paper, on computers. "It was pretty
insane for a graduate student to do,” says Smarr. |
was warned it was a swamp into which | was going
to sink and never be heard from again.” But he did
it, thereby founding the field of numerical relativ-
ity.

After getting his doctorate, Smarr wanted to
continue research in mathematical/theoretical as-
trophysics, but he didn't want to leave the univer-
sity community although that meant only 1 or 2
months a year access to a government supercom-
puter. So, in 1983 Smarr made another bold move:
he sent a $43 million unsolicited proposal to NSF
telling it it ought to set up a network. "When | sent
in that proposal | was like Don Quixote.” NSF had
no money or division for the purpose. Two years
later Congress put it in the NSF budget.

"That's America,” says Smarr. "A person that has
aclear vision and a lot of guts will prevail. | do what
| think is the right thing to do regardless of how
absurd it may look.” Adds Smarr: "The way to get
famous when you are young is to look into an area
that is just becoming possible because of a new
technology. Look where anew technology will enable
you to ask questions that no one's been able to ask
before.”
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At Amgen we are
commited to the development
of human therapeutics based on
the principles of Cellular and
Molecular Biology. Although
the application of this field is
still in its infancy, Amgen has
distinguished itself as an indus-
try leader. Our success has been
the result of the efforts of a
talented scientific staff with a
shared vision about the poten-
tial of biotechnology.

AMGEN

As a result of our success,
we are actively recruiting
scientists at the B.S. to Ph.D.
levels in a number of fields
including Molecular Biology,
Cellular Biology, Protein
Chemistry, Pharmaceutics and
Drug Delivery.

Amgen has made a com-
mitment to being a leader in
the field of biotechnology. Our

Success can only come ﬁ'OI'I'l an

encouraged

environment where scientists
have the resources and support
to develop their full potential.
If you share our vision and
enthusiasm, we would like the
privilege of receiving your
resume or CV at:

Amgen Inc.

Recruitment Department

Amgen Center

Thousand Oaks, CA 91320-1789




Battelle:
A Company With Global Impact.

Battelle, Pacific Northwest Laboratories, is an international leader in the practical application of technology. Since
our founding 60 years ago, Battelle researchers have been on the cutting edge of technology — advancing science
and putting technology to work in a wide variety of applications — from restoring the environment to advanced
studies in the areas of energy resources, human health, industry and defense.

Today, 25 years after Battelle first began operating the federal government’s Pacific Northwest Laboratory, we've
grown to become one of the world’s leading environmental research laboratories. Our staff currently includes
over 3,500 scientists, engineers and support specialists, many of whom are internationally recognized in their fields.

Utilizing leading-edge equipment and facilities, our team annually performs more than 1,500 research and
development projects. Their efforts have helped make Battelle an innovator and a pacesetter in finding new ways
to improve our environment and keep America technologically competitive.

So, if you're ready to make a global impact in our exciting high technology environment, send your resume to:
Battelle, Pacific Northwest Laboratories, Staffing Center, P.O. Box 1406, Dept. RZ1100, Richland, WA 99352.
FAX (509) 376-9099. On-line info (modem) (508) 263-3857 Password: ‘“‘NW LABS’'. We are an Equal Oppor-
tunity Employer. U.S. citizenship required.

$%Battelle

...Putting Technology To Work




Technicon Instruments Corporation, a leading manu-
facturer of automated clinical laboratory instruments,
is expanding its Immunomethod R&D Department.

A variety of openings exist, ranging from Techno-
logists to Scientists, at all degree levels.

Our interest focuses on the development of new
immunochemical reagents and corresponding auto-
mated immunoassays. We are seeking candidates
with strong educational background in analytical and
protein biochemistry, immunochemistry and bio-
organic chemistry.

Areas of interest include assays for hormones, tumor
markers, infectious diseases, anemia, and drugs.
Tasks phases comprise feasibility R&D, preparation/
modification of immunological reagents, their formu-
lation, performance optimization and commercial-
ization. Industrial experience is desirable.

Our organization offers an environment conducive to
professional growth, as well as an excellent com-
pensation and benefits program. Please send c.v.
and/or resume in confidence to:

Manager, Human Resources - R&D

TECHNICON INSTRUMENTS CORPORATION
511 Benedict Avenue, Tarrytown, NY 10591

An Equal Opportunity Employer M/F/H/V

TECHNICON

A Subsidiary of Miles, Inc.




The Next Advance in Science...

Consider the
following career
opportunities at
Bio-Rad Laboratories:

Clinical Diagnostics

San Francisco Bay Area and
Anaheim, California

® R&D Group Leader
¢ Research Scientist

¢ Systems Scientist

¢ Research Chemist

¢ Software Engineer
e HPLC Chemist

Research Products

San Francisco Bay Area

e Division Sales Manager -
Genetic Systems

* Group Leader - Software

* Group Leader - Mechanical
Engineering

* Project Engineer

* Technical Expert

® Marketing Specialist -
Protein Purification

* Marketing Specialist -
Molecular Biology

® Chemist - Electrophoresis

Analytical Systems

Cambridge, Massachusetts

¢ Field Service Engineer

¢ Software Engineer

* Sales/Marketing Specialist
¢ Applications Engineer

...can be Your Own

I t takes intelligence, skill and hard work to push back
the boundaries of science. But sometimes, no matter
how hard you try, you can't seem to advance your career.

Perhaps you need a change of environment.

At Bio-Rad Laboratories, we have preserved the
entrepreneurial spirit of a small company while gaining the
stability and growth of a large company. The positions
shown represent career opportunities in our three major
world markets: clinical diagnostics, life sciences research
products, and analytical instruments. Each of these markets
is growing at rates significantly exceeding GNP growth
rates, and Bio-Rad’s product range is growing to provide

cost-effective solutions to more scientific problems.

In the last five years, 1986 - 1990, Bio-Rad has achieved
growth in sales, operating income, and net income at
compound rates in excess of 20%. During these five years
the Company has invested more than $80 million in R&D
and substantial amounts in marketing and distribution, all
to support continued growth. Growth which can be of

direct benefit to you in your career.

To be a successful candidate, you'll need a BS, MS or
equivalent in Life Sciences, with a PhD preferred for senior
positions. In Engineering positions, an Engineering degree
or equivalent experience is required. For marketing, an
MBA is a plus.

For consideration, please apply to: Bio-Rad Laboratories,
Attn: Joseph M. Hardy, Corporate Human Resources, Dept.
258, 1000 Alfred Nobel Dr., Hercules, CA 94547. An Equal
Opportunity Employer, M/F/H.

Bio-Rad Laboratories



There’s a greater en-
tropy in the air today,
as if somewhere the
heat of life were being
turned steadily higher.
Perhaps we are obeying
the second law of ther-
modynamics: We spin
ever faster into a
stream of chaos filled
with airplanes, paper-
work, fax machines,
computers, committees,
fruitless proposals,

and burgeoning
information.

Robert W, Lucky is executive
director of research at
ATET Bell Laboratories,

MAY

ne morning, heading to my
office, 1 overheard a frag-
ment of conversation be-
tween two strangers stand-
ing in front of me in the
elevator. They were talking
about some young person who had
just been promoted to something or
other. "They say he's the new Bob
Lucky,” one of them was saying.

It's odd enough hearing your own
name spoken by strangers—your ears
redirect themselves like an adaptive
array. Even more disquieting is the
experience of discoveringyou've been
relegated to the scrapheap of legends
in your own lifetime...

Aslgotoutof theelevator, I looked
back at the pair. "Once / was the new
Bob Lucky,” I said. The doors closed
on two puzzled expressions.

Headingdown the corridor, I couldn’t
shake the feeling of being superseded
and useless. | wasn't always just an-
other grayingmanager, | thought. Once
I had worked at trying to be the new
Claude Shannon. Those were the days
when | couldn’t wait to get up in the
morning and get into the laboratory,

when my greatest thrill was a new
equation or a confirming trace on an
oscilloscope. Back then money seemed
todescend fromscience heaven with-
outhumanintervention, and the chief
management strategy was that of benign
neglect. My phone seldom rang and
my mailbox stayed empty. After all,
no one knew my name, much less
described anybody as the new me.

Sinking into a pool of nostalgia, |
remembered what a pleasure it had
been to work in the lab into the wee
hours, yet have my weekends glori-
ously free for the family and the lawn.
It was a time when people did real
science, | told myself—and science
for the sake of science, | added pomp-
ously. We didn't spend all our time
frantically dashing hither and yon
playing diplomat and fighting the oc-
topus-like scientific bureaucracy.

How times have changed, I reflect-
ed. This new Bob Lucky was a belea-
guered, stressed-out creature who
would have been scorned and pitied
by his namesake.

I rounded the corner and spotted
my secretary's cheery face, but my
thoughts remained with that pair on
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the elevator. Would they be as bored
with me as | was with the old-timers
of acouple of decades ago? They used
to drive me mad with their nostalgic
babble. Forever pining for the years
during the Second World War, they
would remember no bureaucracy, no
budget squeezes, everything for the
great cause. They would reminisce
about developing atomic energy and
the digital computer, about perfect-
ing radar and proximity fuses, about
conceiving information theory, pulse
code modulation, and cryptographic
techniques...and then they would sigh
and lament the tight budgets, the
managers who insisted on managing,
and the inexorable erosion of good
science and great satisfaction after
thewar ended. How tiresome all these
stories had seemed at the time!

But then Old Bob Lucky—the one |
had become—tried to defend himself:
The environment for young scientists
today is simply not the same as it was
ageneration ago, | insisted. There's a
greater entropy in the air today, as if
somewhere the heat of life were be-
ing turned steadily higher. Perhaps
we are obeying the sec-
ond law of thermody-
namics: We spin ever
faster into a stream of
chaos filled with air-
planes, paperwork, fax
machines, computers,
committees, fruitless
proposals, and bur-
geoning information.

Yes, | thought, sci-
ence is not what it used to be, and an
image came to me from a short story
I had read almost 25 years before. The
main character was a scientist who
seemed to be on the verge of a great
discovery—if only he could get the
time to finish his work. But he kept
finding himself on dozens of boards
and committees. Rushing sleeplessly
from airplane to airplane, he kept
encountering the same set of scien-
tists, who themselves seemed always
on the verge of great discoveries, if
only they could stop rushing from
plane to plane. The protagonist—
scientist that he was—decided this
was a phenomenon that had to be
studied. Perhaps he could regain con-
trol of his life by investigating the
sources of all those prestigious invi-
tations he kept receiving.

[ forget the details of his investiga-
tion, but in the end it turned out that
the whole scientific committee struc-
ture was being controlled secretly by
aliens. They were a resourceful lot:
They had figured out that they could
keep Eartharelatively backward place
by making sure that, whenever some-
one threatened to make a scientific
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breakthrough, he or she would be
invited to join a blue ribbon panel.

That story seems more believable
today than when it was written, |
thought, as | put my briefcase down
onmy desk and hurriedly scanned my
daily schedule of travel arrangements
and meetings. The printed words on
my logblurred together, justasall the
meetings they represented seem to
do. | had my recurrent feeling of be-
ing only a package that gets delivered
wherever the instructions dictate |
think of it as the "if it's Tuesday, it
must be Stanford” syndrome.

You've probably read the experts’
explanations of this new busyness to
"science”: Research is becoming glob-
alized; interdisciplinarity is “in"; funding
agencies are getting pushier; research
costs are going through the roof. And
everywhere the footprint of the com-
puter—like some new race of Bigfoot,
tramplingover traditional experimental
technique, creating a new methodol-
ogy of research...and generally mak-
ing life much more complicated

I thought of how tiring it was to be
swimming constantly against a swell-
ingtide of conferences, meetings, and
publications. Whatever happened to
theold friendly telephone call? Gloom-
ily, I considered how the abundance
of answeringmachines, computer mail,
cellular phones, fax. Federal Express,
and bulletin boards had rendered the
friendly old telephone call obsolete.
For one thing, there’s hardly anyone
home anymore. Indeed, the mean
position of scientists may be rising
steadily—but not in society, in alti-
tude: Everyone's on a plane!

| cast an uneasy glance at my own
telephone, poised like analarm clock.
This morning it had already delivered
a stream of voice mail messages, and
[ could see over on my terminal that
17 unread messages were stacked up
in my E-mail. That got me to ruminat-
ing over all the scientists swarming
about in my life. Once upon a time,
you didn't have to know more than,
say, five: a pair of eager postdocs.
your lab assistant, your boss, and your
principal competitor. Now there were
thousands whose names | was supposed
toknow and who would try to contact
me every week or who would pop up
at the end of one of my talks and act
like we'd E-mailed for years I love it
when the academicians starthemoaning
the coming manpower shortage in
science. They keep telling us about
how high school students are shun-
ningscientific careers, butif that's so.
I'd cite the reason Yogi Berra gave for
the unpopularity of a certain restau-
rant: "Nobody goes there anymore,
it's too crowded.”

These daysthere are hordesof fren-



It looks innocent, but that is
the hallmark of the best of the
horror genre. Before long these
accounting professors have

unleashed
upon the un-
suspecting
world a sect
of apostles
whose only
religion liesin
numbers.

zied scientists trying to beat me out
for funding. They're lined up like hogs
at a trough, but the trough just isn't
long enough. Everyone jostles every-
one else, and the little piglets are
jammed out. And just about the time
we all seem to have our proper plac-
es, a giant rhinoceros carrying a ban-
ner that says "big science” or "super
something-or-other” appears and sucks
up half the feed.

My secretary, standing at the door
with an apprehensive expression, in-
terrupted my fantasy. For an instant,
[ had the scare that [ was supposed to
be somewhere else. What meeting
had I missed? But she was waving one
of those illegible faxes that run my
life—an overdue request (read "de-
mand”) from somewhere mystically
highin the bureaucracy for yet anoth-
erinventory of research expenditures.
This inventory would undoubtedly be
compared unfavorably against the latest
inventory of research results.

Whoneedsaliens, [wondered, when
we have our own dreaded bean
counters? Surely they constitute one
of the truly malevolent aspects of the
change in our lives in science. Their
incredible, inexplicable rise to pow-
er! In my overworked imagination, [
could just picture the neon marquee
announcingscience'slatest horror film:
"The Invasion of the Bean Counters.”
In the opening frames of my movie,
MBA-toting, red-suspendered profes-
sors are piling out of their latest-
model 1970s Oldsmobiles, hustling to
their classrooms where they are turn-
ingbean counting into something they
call a science. It looks innocent, but
that is the hallmark of the best of the
horror genre. Before long these ac-
counting professors have unleashed
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upon the unsuspecting world a sect of
apostles whose only religion lies in
numbers. In the movie's Orwellian
conclusion, vision and leadership have
been replaced by the ever more exact
accounting of beans. The viewers
straggle out into the light, reassuring
themselves that it was only a movie.
But was it?

Eventually, | find, the worst de-
pressions pass, as even the most cre-
ative minds run dry of apocalyptic
visions. At this point, Old Bob Lucky's
mind sometimes ALT-F10's to another
window where my favorite escape fan-
tasies reside. It was over coffee at
around 10 that morning that | devised
the perfect job in this seething world
of big league science. This Bob Lucky,
[ thought, would stun Boss Arno with
the ultimate E-mail message: [ would
be leaving to take a Papal chair at the
University of Shangri-La. The immen-
sity of the grant they'd promised me,
I would explain, would leave me com-
pletely free to do whatever research
| wished. The vision carried an ex-
traordinary piquancy—like when Tom
Sawyer came back secretly to watch
his own funeral. There | would be at
U. S-L, but magically able to see my
friends back in the Labs speaking of
me in hushed tones, voices cracking
with emotion, eyes misting over: Do
you think we'll ever hear from Old
Bob again? | am the stuff of legends,
| muse; no one comes back from the
great scientific beyond to tell us what
lies outside our own frenetic sphere.

Sated with self-pity at last, my
thoughts finally turned outward: Could
the scientific community really be spi-
raling toward a heat death? If so,
what might be done about it? That
was when | came upon a modest pro-

posal. Someone once suggested to me
that each graduating scientist might
be given ten chits constituting per-
missions toauthor papers. When these
were used up, you would have no
choice but to join the mute ranks of
those who only stand and wait. Obvi-
ously you would use your chits care-
fully; very few minor papers would be
published. At one stroke we would
condense and upgrade the literature.
Nonproductive scientists could trade
their chits with excessive producers
in exchange for perks—such as a ten-
urevoteorrelief fromcommitteeduties.
Information pollution would be con-
tained. We would have time for the
wife and kids again.

Then I realized there was no need
to make chits only applicable to pa-
pers. The true genius of the notion
was that you could apply the same
technique to membership on commit-
tees, invited talks, proposals, and so
on. Upon graduation you would get a
whole package of multicolored chits
like a Disney World admission book-
let. This would give new meaning to
the concept of career planning. For
example, you are invited to join the
visiting committee at Podunk Univer-
sity. Suddenly you hesitate. Not that
you mention this out loud, but what if
you were chitless when the National
Research Board calls?

Iwas undecided as towhether there
should be an open market for chits.
Perhaps you should be allowed to
negotiate trades. For example, out of
desperation you might be forced to
trade twoinvited talks and three com-
mittees for a proposal chit. Science

could list bids and ask quotes for var-
ious permissions. There might even
be amarket for futures. The free mar-
ketforceswoulddictate exchangerates
across nations and disciplines, and
somewhere there would be a world-
wide Chit Board (blue chit required
for membership, of course) that reg-
ulated the printing and commerce of
scientific chits.

The chit system would give us con-
trol of the environmental tempera-
ture. The more chitsissued, the great-
er the entropy in our profession. Oc-
casionally the Chit Board would make
headlines by deciding to devalue chits
or whatever. Unfortunately this un-
certainty initself would be asource of
added entropy that would have to be
factored into decisions.

The chit systemmay sound extreme,
but, that day, after my trauma in the
elevator and considering the forces
that seemed allied against me, I fig-
ured that the most draconian mea-
sures were in order. And today, think-
ing about it during an intermeeting
respite (otherwise known as a plane
trip), as | reformat my overdue report
onmy laptop, I still think the idea has
merit.

But maybe you have a better pro-
posal. Please don't be shy about it.
(See feedback p. 1148.) After all, any-
thing would be better than having our
lives controlled by those aliens that
run things now. By the way, a piece of
advice: I'd be sure to examine your
next prestigious invitation very closely.
| justreceived one to speak at a Meet-
the-Faculty dinner at U. S-L. It was
signed "The New Bob Lucky.” OO

Sated with
self-pity at last,
my thoughts fi-
nally turned
outward: Could
the scientific
community re-
ally bespiraling
toward a heat

death? If so, what might be done
about it? That was when I came upon

a modest proposal...
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THERE IS NOTHING SO STRONG
AS THE REEATIONSHIES THAL SUSEAIN LIFE:

Nourishment, protection,

_ procreation. For the

" inhabitants of a Pacific

> Northwest Coast

tide pool, these vital

activities are rooted in a

g unique set of interdependent
relationships. Relationships that allow
each member to benefit from the
strengths and resources of every other
member in this delicate ecosystem.

This same philosophy brought five
Johnson & Johnson companies together
in 1988 to form a dynamic research and
development organization—the R.W.
Johnson Pharmaceutical Research
Institute (PRI).

By 1990, PRI lead the industry with
FDA approval of three major new
products—PROCRIT®, FLOXIN® and
VASCORE®. This success has moved PRI
toward its goal of becoming a primary
force in the industry and maintaining
Johnson & Johnson’s position as the
world’s largest and most comprehensive
provider of health care products.

We’re continually seeking entry through
senior level and postdoctoral candidates
to join us at one of our several sites in
the following fields: pharmacy, biology,
biochemistry, toxicology, immunology,
chemistry, microbiology, biochemical
engineering, pharmacology, pathology,
statistics, nursing and medicine. Send
your resume to: Selection Dept. SC-524,
R.W. Johnson Pharmaceutical Research
Institute, P.O. Box 300, Raritan, NJ
08869-0602. An Equal Opportunity
Employer M/F
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Hoechst-Roussel Pharmaceuticals Inc.

A Leader In
NEUROSCIENCE
Research

YOUR UNIQUE TALENTS
HELP US CREATE
NEW PRODUCTS

Dedicated professionals in the areas of pre-clinical and clinical research
will discover an ideal environment for scientific exploration at Hoechst-
Roussel Pharmaceuticals, a fast growing subsidiary of the Fortune 100
Hoechst Celanese Corporation.

MOLECULAR BIOLOGISTS
BIOCHEMISTS

MEDICINAL CHEMISTS
PSYCHOPHARMACOLOGISTS
MICROBIOLOGISTS
BIOSTATISTICIANS

MEDICAL WRITERS

CLINICAL RESEARCHERS
PHARMACOLOGISTS
TOXICOLOGISTS

All positions are located at our modern research facility in Bridgewater, NJ
where we offer competitive salaries, a flexible benefits program, a Perfor-
mance Sharing Plan, and on-site fithess center. For further information,
send your resume to: Steven Scott, Supervisor, Human Resources,
Hoechst-Roussel Pharmaceuticals Inc., P.O. Box 2500, Routes 202-206,
Somerville, NJ 08876-1258. An affirmative action employer M/F/H/V.

Hoechst Celanese

Hoechst

The Hoechst name and logo are registered trademarks of Hoechst AG




hese newest

laboratory additionsare

changing the kinds of

questions we ask in

science, and many are

impudently crossing

traditional disciplinary

boundaries. Some of

these tools are already

standard equipment in

most labs; others are

now employed only by

a few forward-looking

groups. But contacts

with scores of scien-

tists suggest that re-

searchers expect these

tools to grow in popu-

larity, as prices falland

applications bloom.

By
Elizabeth Culotta
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Seeing-and Moving-Atoms
Scanning tunneling micro-
scope (STM)
Notquiteadecade old and
still finding new applications,
this scope’s probing tip can
scanasample, atomby atom.
"It's a unique combination of
high spatial resolution and
spectroscopicinformation. It
will be a standard, like the
scanning electron micro-
scope,” says physicist Urs
Staufer of [BM's Thomas ].
Watson Research Center in
Yorktown Heights, New York.
The STM can also move at-
omsaround, oneby one. "From
that you can start building
yourownmolecules. Andwhen
you're in that position you
have almost infinite possibil-
ities,” Staufer says.
Atomic force microscopy
This successor to the STM
canscaninsulatorsas well as
conductors athighresolution,
animportant capability inthe
integrated circuit and mag-
netic disc industries. For re-
search, force microscopy
"offers a very broad range of
possibilities of measurement.
For example, you can mea-
sure electric and magnetic
fields, and magnetic domains.
We'realready learningabout
friction at the atomic scale
from the force microscope,”
says Stanford electrical en-
gineer Gordon Kino.

Pnparinq Nanostructures

"The ability to engineer
materials from atomic pre-
cursors is a dramatic change
inthe way we've even thought
aboutmakingmaterials. [t will
revolutionize the field,” says
Richard Siegel, nanostructur-
alistat Argonne National Lab-
oratory.
X-ray and electron beam
microlithography

X-rays and E-beams are
being used to etch tiny lines
and help create micromach-
ines. Applicationsinclude the
next generation of computer
chipsand high-speed switch-

SCIENCE

ingdevices. "Theinherent lim-
itations of x-ray lithography
are so small we're not even
sure yet what they are,” says
John Wiley, dean of the
graduate school and electri-
cal engineer at the University
of Wisconsin-Madison. Right
now x-rays can etch features
of 100 nanometers, smaller
than the wavelengths of vis-
ible light.
Vapor-solid epitaxy

Using vapor condensation
to lay a very thin film onto a
planarsubstrate, atomby atom,
isn't new, butits applications
keep growing. "So much of
what we deal with is in the
form of a film—from the anti-
reflection coatings on your
sunglasses to fancy micro-
electronicdevices. Epitaxy gets
at all those lovely, complex
issues related to nucleation
and growth. Youcanalso look
at ion deposition, or cluster
deposition or organometallic
deposition,” says John Weav-
er, professor of materials sci-
ence and chemical engineer-
ing at the University of Min-
nesota, Minneapolis.

Manipulating Genes
Scientists, armed with an
arsenal of new or improved
tools, are finding the sky's
the limit for analyzing and
manipulating genes. The
coming years will see new
refinementsin separation and
sequencing techniques, thanks
to a marriage between ana-
lytical chemistry and biolo-
gy. According to Barry Karg-
er, director of Northeastern
University's Barnett Institute
of Chemical Analysis and
Materials Science, some tech-
niques will be able, within
the comingdecade, toresolve
differences inlength of as lit-
tleasasingle nucleotide base
in segments of DNA that ex-
ceed 1000 base pairs.
Polymerase Chain Reaction
What's to say? Already the
hottest tool in biology, this
copyingmachine for DNA still

has new tricks to offer. Ex-
pect both modest improve-
ments and new sets of appli-
cations to emerge, from the
Human Genome Project to
forensics.
Micro-protein sequencing
This technology uses as its
base an Edmund degradation,
where amino acids are se-
quentially chewed off a
polypeptide to yield a full
protein sequence. The prod-
ucts of the chemical reaction
are analyzed by liquid chro-
matography to obtain se-
quences for microquantities
of protein. Currently, says
Karger, micro-protein se-
quencing is accurate in the
picomolar range, but eventu-
ally, withmass spectrometry,
it will go down to the femto-
molar ranges—where compo-
nents from a single cell can
be resolved and sequenced.
Capillary electrophoresis
Thisis "more quantitative,
more precise, more sensitive,
and more efficient than some
of the existing techniques,”
says Karger. Proteins, nucle-
icacids, orevencarbohydrates
can be separated according
to molecular weight by being
run through a gel or buffer
within a capillary tube. Cap-
illary electrophoresis can be
asmuch as 10,000 times more
sensitive than traditional
electrophoresis, detecting
material at concentrations in
the picomolar range.
Pulsed electrophoresis
Thisisdesigned toseparate
large stretches of DNA, pos-
sibly even chromosome-sized
segments. Large moleculesare
separated according to size
by applying electrical fields
across amatrix containing the
targetmaterial. This facilitates
the assignment of genes on
particular chromosomes. The
technique can be especially
powerful incombination with
restriction enzymes for iden-
tifying DNA regions likely to
contain the switches that turn
on genes.
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Laser-based detection de-
vices

Karger notes that laser-
based detection is sensitive
to concentrations of material
in the attomole (10") range
and has the potential to de-
tect concentrations as low as
the zeptomolar range (10%).
“"Indeed, single-molecule de-
tection has already been
achieved.”
RNA scissors

The future may see the
advent of the cell biologist as
cellular surgeon, reachinginto
the cell to alter its contents.
Thomas Cech of the University
of Colorado at Boulder is de-
veloping catalytic RNA mole-
cules designed to cut other
RNAmolecules. Currently the
use of these enzymes is lim-
ited to research scientists
specifically interested inRNA,
but Cech predicts a big future
forindustrial applications. He
says RNA enzymes, or ri-
bozymes, "can be tuned to
have any specific activity or
specificity. This allows you to
inhibit gene expressionat the
level of RNA which may be
particularly useful in devel-
oping antiviral and antican-
cer agents.”
Optical tweezers

Another technique for
subcellular manipulations, the
tweezers allow scientists to
"grabmicroscopicobjectswith
an invisible beacon of radia-
tionand move them around,”
says Steven Block of Harvard
and the Rowland Institute in
Cambridge, Massachusetts. He
iscurrently using themtomea-
sure mechanical forces of
motormolecules like myosin,
kinesin, and dynein. But, Block
says, tweezers may have med-
ical applications as well, such
as bringing immotile sperm
to an egg.
Footprinting

This technique can see
where a drug or recognition
elementbindson DNA or RNA
by applying the element to
thegeneticmaterial, thentreat-
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ing the material withan agent
thatclipseverything that's not
covered. It's part of genetic
analysis—seeing "where things
bind,"” says Harvard's White-
sides.
Homologousrecombination
This may be the crucial
technique for success in in-
terpreting data from trans-
genic organisms (see Biolog-
ical Models Systems). Exist-
inggenesare knocked outand
replaced withamodified gene.

Probing Molecules and Cells
2,3D Nuclear Magnetic Res-
onance

The workhorse of chemis-
try, NMR now offers molecu-
lar biologists the chance to
analyze the structure of larger
and larger molecules,and make
“exquisitely fineimages,” says
Columbia's Wayne Hendrick-
son. Some groups are already
using 3D NMR, and a few are
exploring 4D.
Injection of fluorescent
dyes and markers

It's low tech but crucial.
Dyes can tag everything from
antibodies to neuronal con-
nections and DNA hybridiza-
tion probes. New markers—
fluorescent, radioactive—add
power. “The growth of the field
is literally exploding at this
time,” says biologist Alan
Waggoner of Carnegie- Mel-
lonUniversity. “Thereal power
of these techniques is in not
only learning the anatomy of
the nervous system but com-
bining that with physiology
and pharmacology. It's smear-
ing the boundaries between
the subdisciplines,” says Nell
Cant of Duke University.
Patch-clamping

By isolating a patch of cell
membrane, this technique
allows neuroscientists to
record the activity of a single
ionicchannelinthemembrane.
Confocal microscopy

This scope slices samples
into optical sections, allow-
ing scientists to peer beneath
surfaces without destroying
the tissue. "It's as though you
weretolookatawall, and see
the surface of the wall dis-
solveas thoughitwasn't there,
and you could see the wiring
behind it," says ophthalmol-
ogist Dwight Cavanagh of Geor-
getown University, who uses
confocal microscopes to study
the living eye.
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Biosensors

A growing array of sensors
isbeing developed that detect,
measure, and monitor physi-
cal, chemical, and biological
phenomena. “There's no doubt
about the fact that biosen-
sors have really taken off in
the last decade, and particu-
larly in the last three or four
years,” says Gary Rechnitz,
director of the Biosensor Lab
at the University of Hawaii.
Doctors cannow monitor blood
pressureinside the heart with
a tiny sensor at the end of a
catheter. Custom-made bio-
sensorsand chemical sensors—
which are getting ever small-
er and "smarter"—track ev-
erything fromneurotransmit-
ters in living brains to air-
borne organic chemicals to
the composition of food.

Biological Model Sys-
fems

From worms to fish
to humans, organisms
turnout tobemorealike
than biologists once
dared hope. "Eachmodel
plays off against the oth-
er. Youcanisolate genes
in worms and flies, and
getthehomologousgene
sequence from the fish.
One model will facili-
tate progressin the oth-
ers,” says biologist James
Weston of the Univer-
sity of Oregon, Eugene.
Zebra fish

These little fish hold
a lot of future promise
as a model for vertebrates.
Good study subjects for both
genetics and embryology, they
breed faster than mice, and a
scientist can watch the em-
bryos develop. But the genet-
icsremaintobe explored, and
only a small group of people
have worked on them so far.
Nematodes

“For a biological problem
concerned with the behavior
of a single cell within a whole
organism, there's no better
model than C. elegans,” says
biologist Cynthia Kenyon of
UC San Francisco.
Arabidopsis

This fruit fly of the plant
world can be used to identify
genes for use as probes for
comparable genes in crop
plants, aswellastounderstand
the genetic basis of plant
growth.
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SCID mice

"Not only can we infect
human lymph nodes with HIV
and see it spread as it does in
humans, we can see the hu-
mandrugs work in that mouse
model as they do in humans,”
says Irving Weissman, who
with colleagues at Stanford
University was the first to
create this mouse model of
human AIDS. “This is the first
chance we've had to study
normal human physiology or
pathology in an ethical ex-
perimental model.” Italso can
be used for the study of hu-
man malignancies and relat-
ed genetic problems.
Transgenic organisms

Animal models for human
diseases have already been
created by the implantation
of foreign genes. In the com-
ing decade, says geneticist

L' THlt's how science marches
forlyard: when we get new
yestand ears. And we con-
ue to extend our power
over broader regions of
time and space.... We've en-
tered the relativistic warld
where time and space
linked, the universe Einste
only dreamed about.
Don Shapero, physicist, NAS BRard
on Physics and Astron

Philip Leder of Harvard Med-
ical School, transgenic ani-
mals will enable scientists to
explore the fundamental ac-
tions of particular genes, as
well as to understand the
causes and progression of
diseases including autoim-
mune disorders, cancer, and
diabetes. Transgenic organ-
isms will also play a big role
inanimal and plant husband-
ry—but currently the technol-
ogy is limited because scien-
tists cannot direct where in
the host's genome the trans-
planted gene will integrate.

Intense Photon Sources
Free-electron lasers

With the aid of an electron
beam, this new brand of laser
producesacoherent lightbeam
that can be tuned to different
frequencies. It has a long list

4ER»r s

of current or potential appli-
cations in medicine, micro-
electronics, physics, chemis-
try, and engineering.
Ultrafast lasers
Operatingin femtoseconds,
(10° to 10% seconds), these
lasers “allow us for the first
time to directly resolve mo-
lecular vibrations and ultra-
fast chemical reactions,” says
Charles Shank, director of the
Lawrence Berkeley Laboratory.
“Physics, chemistry, biology—
all will be impacted by this.
Ultimately I think these ma-
chines will go into people's
labs—like an oscilloscope.”
Synchrotrons
These sources of coherent
x-rays have applications in
multiple fields as well as phys-
ics. They offer molecular bi-
ologists a more powerful tool
for x-ray diffractions, let en-
gineersbuild microma-
chines, and allow ma-
terials scientists to.do
photochemistry and x-
ray plating. Says Shank:
"The ability to do crys-
tallography on very
small samples will be
greatly enhanced with
the new bright sourc-
es'' soon to come—the
Advanced Light Source
at Berkeley, and the
Advanced Photon
Source at Argonne.
Microdevices
Made withx-raysand
electron beam lithog-
raphy, tiny motors mi-
crons in diameter are
expected to have applications
inmedicine, industry, and re-
search. John Wiley, dean of
the graduate school at Uni-
versity of Wisconsin-Madison,
says: "In this field we're lim-
ited only by ourimaginations.
Anything you can do with a
drill press or lathe you can do
with x-ray lithography [and
micromachineslifyou'reclever
enough.”

Computer Modeling and
fnalysis
Applied math

"As computational science
grows, applied mathematics
has got to become more im-
portant” says mathematician
John Dennis of Rice Universi-
tyinHouston. At present, says
KenKennedy, director of Rice's
Center for Research on Par-
allel Computation, "scientists

areusingalgorithms that went
out of date 10 years ago be-
cause they're not talking to
the mathematicians.”
Metaanalysis

Using statistics to sum up
the results of several similar
but separate experiments,
metaanalysis "is going to
revolutionize the way the sci-
ences, especially medicine,
handle data,” says Thomas
Chalmers of the Harvard School
of PublicHealth. "Andit's going
tobe the way many arguments
will be ended.”
Wavelets

"The problem for the next
10 or 20 years is what to do
with digital data. Computers
can't handle it," says Yale
mathematician Ronald Coif-
man. Wavelets, the succes-
sors to Fourier transforms,
offer a better way to take a
large dataset and represent it
with fewer numbers.
Finite element analysis and
finite lattice models

"Finite elementanalysis will
certainly be used to solve all
kinds of engineering
problems...in bridges, dams,
cars, spacecraft,” says math-
ematician Hans Schwarz of the
University of Zurich. Finite
lattice models is a technique
in both mechanical analysis
and fluid dynamics as well as
global climate modeling. With
it, says Whitesides, scientists
can model a complex system,
such as airplane vibrations,
by breaking up the individual
pieces, calculating the strain
oneachpiece, and seeinghow
this propagates through the
lattice.
Ultra-smart chips

RISC (Reduced Instruction
Set Computer) chips reduce
the number of instructions is-
sued per task, so a single chip
can offer more computing
power than was offered once
by supercomputers.
Ultra-fast architectures

Almost synonymous with
high-performance computing,
this means stringing together
thousands of ultra-smart chips
in a massively parallel sys-
tem to create an ultra-fast
computer.
Analog computation

Instead of representing vari-
ablesbyastring of digits, analog
computers will represent them
by a continuously changing
physical quantity—say, the



voltage at a certain pointina
circuit. Potential applications
include designing chips that
simulate eyes and ears, sig-
nal processing, and optimiza-
tion.

Measuring farth
Geographic information
systems

This elegant computer sys-
tem to integrate diverse geo-
graphicinformationisalready
simplifyingearth science. Says
biogeochemist  William
Schlesinger of Duke Universi-
ty: "Used to be you'd produce
a weather map and a vegeta-
tion map and a soil map, and

t

electronic mail
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spread them all out on your
desk. Now you can produce a
single map showing exactly
the variables you want.”
Global Positioning System
GPS is expected to revolu-
tionize surveyingand hasmany
applicationsinseismology and
oceanography. Itallowsground
observers to position them-
selves on the earth to within
a centimeter with the aid of
satellites. "Old-style geodesy
needed mountaintops and
lasers. This is just like being
at sea and being able to see
multiple lighthouses and fix
your position,”” says seismol-
ogist Allan Lindh of the U.S.

mputcr. So
se scientists
who are still
resisting the

system had
better shape

up.

Geological Survey in Menlo
Park.
Earthquake sensors

"Until recently we've only
been able to study narrow
ranges of the amplitude or
frequency band of earth-
quakes,” says U.S. Geological
Survey geophysicist William
Ellsworth. "A new generation
of sensors will allow us to get
a complete recording of the
whole earthquake process.”
These include satellites for
charting minute movements
in the earth’s crust, buried
seismic instruments, and por-
table instruments that make
very detailed images of the

m

ay feel that way ’”’H‘eady. We collabo-.

erform literature searches, write: pa-
deeven hold conversations with col- .

a roignd the world withoutstirring from

have a theoretlcal model of a chemlstry exper-
iment, and you want to look at a visualization
of the experiment and compare it with the
theory. So youreach out across the network to
California where there's a special lab instru-
ment gathering relevant data and ask it to run
the experiment. The computer in the instru-
ment transmits the data to you. Then you
shoot it over to a supercomputer in Illinois to
run a simulation. Now, at your graphics work-
station in New York, you can pull up a visual-
ization of the California data on one quadrant
of your screen, and on another quadrant, you
produce a visualization of simulation from
lllinois. On a third quadrant, you reach out to
adigital library and summon a Science article
on the topic. Finally, in the last quadrant, you
set up a video teleconference with a colleague
in Boston—who pulls up the same images on
the screen that you have on yours—to talkitall
over. That's “telescience,” with televisualiza-

: :wem basically seemg is Mre
Tgoingfroma science that is anaﬁg toascience

wectog or of the super;;omputer center
mversity of Illinois at Unbma cm#

Earth's crust.
Stable isotope tracers
Using amass spectroscope
to analyze stable isotopes
offers earth scientists a way
to track key elements from
atmosphere to ocean. "l have
a strong feeling that some of
our quickest answers to the
question of the missing car-
bon [in the global carbon di-
oxide budget] will come from
mass spectroscopy of CO* in
the atmosphere and in the
ocean,” says Schlesinger.
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ber, your cc s are
welcome—see page 1148.

o

expansion o

tion, telecomputing, and teleconferencing all
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erate,” he says.

With reporting by
Ivan Amato,
Michelle Hoffman,
and Robert Langreth.

Special thanks to
George Whitesides
of Harvard, John
Hopfield of Caltech,
and John Burris,
Norman Metzger,
Douglas Raber,
Donald Shapero, and
James Taveres of the
National Academy of
Sciences.

me fiberoptic network.

Eﬂeral ‘government is moving to bring
rhlsmﬂto reality with the creation of what
Whlte Ho Ause science policy analyst Paul Huray
nterstate highway system of the
:"That's the recently announced
FNET, the system that connects
NSF supercomputer centers and regional cen-
e country. The new National Re-

cation Network, funded to the

n this year and $92 million in
e end of the decade, enable

~ - scientistsatmorethan i0ooinstitutions to transmit
mformatron,at up to a billion bits per second,
e than 20 times today s max1mum speeds

: bﬁmes that will permit collaboranons
on a scale never before possible.

The fiberoptics are already in the ground,
having been laid during the '80os. And the first
phase of the system, the national gigabit test-
bed, will be operational within a year. "The
whole system will be working in research envi-
ronments within 5 years,” predicts Smarr.

And what about scientists? Are they ready?

Not to worry, says Smarr, who contends that
the roughest days are already behind us. "The
rate of the diffusion of computer literacy into
the preexisting scientific community will accel-
“In this new world, once you're
Macintosh literate, the rest of the computer
world just sits inside your Mac.”
having tolearn complicated commands, all you'll
need to do is "point and push” to run complex
programs. "We're learning how to package com-
putational science in the way word processors
have been packaged. It'll be just another soft-
ware package on your desktop.”

Instead of

cOo
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HOWARD HUGHES MEDICAL INSTITUTE

FELLOWSHIPS FOR
BIOLOGICAL AND
BIOMEDICAL SCIENCES

The Howard Hughes Medical Institute has established a number of programs
that support training in fundamental biological and biomedical research.
Awards, based on a national competition each year, focus on research directed
to understanding basic biological processes and disease mechanisms. Fellow-
ships may be held at any academic or research institution.

m Predoctoral Fellowships in Biological Sciences
Up to five years of support for full-time graduate study toward the Ph.D. degree
in cell biology and regulation, genetics, immunology, neuroscience, and
structural biology in addition to biostatistics, epidemiology, and mathematical
biology. Applicants must not have completed the first year of postbaccalaure-
ate graduate sudy in biology. Application deadline: early November.

m Postdoctoral Research Fellowships for Physicians
Three years of support for training in fundamental research subsequent to
clinical training. Application deadline: early March.

m Research Training Fellowships for Medical Students
Support to medical students in the United States for one year of full-time
fundamental research. Application deadline: early December.

m Research Scholars at the National Institutes of Health
Under this joint HHMI-NIH program, medical students in the United States
spend an intensive year in research in the intramural program at the NIH in
Bethesda, Maryland. Residence is provided at the Cloister on the NIH campus.
Application deadline: early January.

PROGRAM ANNOUNCEMENTS FOR THE 1992 COMPETITIONS

FOR PREDOCTORAL FELLOWSHIPS: FOR OTHER PROGRAMS:

Hughes Fellowship Program Howard Hughes Medical Institute
The Fellowship Office Office of Grants and Special Programs
National Research Council Department BW92

2101 Constitution Avenue, N.W. 6701 Rockledge Drive

Washington, D.C. 20418 Bethesda, MD 20817

(202) 334-2872 (30D) 571-8412

The Howard Hughes Medical Institute, an Equal Opportunity Employer, welcomes applications
from all qualified candidates and encourages women and members of minority groups to apply.




As a Postdoctoral
you have the unique

future ge

There is a certain inner satisfaction that comes from
doing the kind of research you do. It's knowing that your
work isn’t only important today, but that its impact will
be felt by future generations. If you are a PhD, MD/PhD,
MD or Dentist looking for postdoctoral fellowship
opportunities in biomedical research or clinical investi-
gation, you should visit us.

One step inside our corridors, and you will know
you have found people who share your excitement and
commitment.

At the National Institutes of Health, you have the
opportunity to take your research in more directions than
you ever thought possible.

What makes us different? Start with who we are.
We are 13 institutes, nearly 300 laboratories and a clinical
center that houses half the research beds in the country.
All solely devoted to biomedical research.

We are 4000 staff members with doctoral degrees,
1200 tenured appointments, and 3000 technical per-

sonnel. We are 2500 research projects and 7000 articles
published a year.

But while who we are sets NIH apart, it is how we
work that will truly make the difference to you. This is
an environment designed to foster collaboration. Where
corridor small talk and coffee-break conversation can
lead to major laboratory discoveries. Where exchanges
between basic scientists and clinical researchers are the
rule, not the exception.

You will work side by side with some of the most
cited scientists in the world -professionals who take their
work as seriously as you do.

And because of the way we work, you will be con-
tinually exposed to new ideas and information. We are
13 individual institutes, but the overlap is considerable.
For example, investigation into Gene Therapy, Neuro-
science, AIDS, Molecular Endocrinology and Metabol-
ism, Molecular Immunology, and Molecular Regulation
of Cellular Proliferation span all boundaries.

NATIONAL CANCER INSTITUTE ¢ NATIONAL EYE INSTITUTE « NATIONAL HEART, LUNG AND BLOOD INSTITUTE « NATIONAL
INSTITUTE ON AGING ¢ NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES « NATIONAL INSTITUTE OF ARTHRITIS AND
MUSCULOSKELETAL AND SKIN DISEASES « NATIONAL INSTITUTE OF CHILD HEALTH AND HUMAN DEVELOPMENT « NATIONAL
INSTITUTE ON DEAFNESS AND OTHER COMMUNICATION DISORDERS « NATIONAL INSTITUTE OF DENTAL RESEARCH ' NATIONAL
INSTITUTE OF DIABETES AND DIGESTIVE AND KIDNEY DISEASES « NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES »



Scientist at NIH
opportunity to touch
nerations.

There are many other reasons that your work will
have no limits. Our financial stability means you can
concentrate on research, not economics. We are also
committed to your education and professional develop-
ment, and back up that commitment with world-class
programs and world-renowned speakers.

Every week, you can choose to attend any of thirty
to forty seminars and conferences. You will be encouraged
to develop collaborations, attend meetings, take computer
training and additional course work, attend grand rounds
and participate in a grants workshop.

If you join us to work on basic or clinical aspects of
AIDS research, you may be eligible for our educational

loan repayment program. And, if you have clinical
training, you have the option of obtaining subspecialty
training in more than 20 subspecialty areas in nuclear
and oral medicine, neurology, pathology, pediatrics,
psychiatry and medicine.

There is nothing more vital than what you are
doing. To touch this generation and future ones, you
need to consider where you are doing it.

Isn’t it time you came to the NIH? Call Dr. Michael
Fordis, Director of the Office of Education P N,
at 301-496-2427. And let’s talk about the 9 ’é_\
projects available in your particular area %ég,ﬂ

of interest. S

0
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National Institutes Of Health

Office Of Education
Building 10, Room 1C129, 9000 Rockville Pike, Bethesda, MD 20892 ¢ 301-496-2427 * FAX: 301-402-0483

NATIONAL INSTITUTE OF GENERAL MEDICAL SCIENCES ¢ NATIONAL INSTITUTE OF NEUROLOGICAL DISORDERS AND STROKE
DIVISION OF COMPUTER RESEARCH AND TECHNOLOGY « WARREN GRANT MAGNUSON CLINICAL CENTER « NATIONAL LIBRARY
OF MEDICINE ¢ NATIONAL INSTITUTE ON ALCOHOL ABUSE AND ALCOHOLISM « NATIONAL INSTITUTE OF MENTAL HEAL'TH

Department of Health & Human Services » Public Health Service » Equal Opportunity Employer



N OW is your
opportunity to

join us.

WYETH-AYERST
LABORATORIES

is one of the largest pharma-
ceutical companies in the
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research efforts, we are
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Three and a half years ago,

when Karen Gleason finished

graduate school in chemical

engineering and took an

academic position at the

Massachusetts Institute of

Technology, she knew it

would be less secure and

include “more hassles” than

would a career in industry.

But she decided it was worth

it for the chance to work in

the academic environment

she loved. Then came reality.

CAREERS IN SCIENCE

“I wrote an enormous num-
ber of grants—more than 20—with a
very low rate of success,” she recalls.
“It was very difficult and frustrating.”

Happily for Gleason, thatbitter taste
of the real world was to be shortlived.
For some inexplicable reason, things
turned around. "Last year," says Glea-
son, "l got 8 [grants] out of 9." In fact,
the only one she didn't get was her
part of MIT's unsuccessful National
Magnet Lab proposal. What caused
the turnabout? Gleason is perplexed.
"The topics were not any different. |
was doing nothing different in the
proposals...it leads me to believe there
isatremendous component of chance.”

Chance has perhaps never been
more important thannow, when fund-
ing is something of a roulette game
for senior scientists as well as neo-
phytes. But the unpredictability is
particularly hard on young scientists
who may lack theresourcefulness that
experience can bring, and who must
simultaneously cope with all the oth-
er stresses of getting their careers off
the ground. After the initial challenge
of choosing and landing a job, they
are uprooted from a world where all
they have had to worry about was
their own research. Suddenly, they
are plunged into the role of assistant
professor, where they must juggle
fundraising, department responsibil-
ities, teaching, and managing a lab.
Furthermore, they need to hurry to
make their mark in their field, as pro-
ductivity in those first few pressure-
cooker years has the potential tomake
or break an entire career.

How are young scientists rising to
the multiple challenges and surviving
these troublesome times? After con-
versations with young researchers in
various disciplines and academic set-
tings, Science has uncovered the fol-
lowing common denominators: a bit
of savvy and a bit of luck.

Luck is a big part of the picture,
because the scientists we talked to
virtually unanimously confessed to
followingtheirheartsrather thantheir
heads—movinginresearchdirections
that excited them, rather than those
they judged to be lucrative. "I chose
whatwasinterestingtome,” says Glea-
son. That her area of research—thin
films—is of crucial importance to the
electronics industry, was good for-
tune, she says, not design. In fact,
when she chose chemical engineer-
ing as an undergraduate major, Glea-
son admits, "I didn't have any con-
cept of whata chemical engineerdid.”

And as they pursue the science
they love, these young scientists en-
ter a morass of professorial responsi-
bilities that demand abilities—such
as grantsmanship, management skills
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and the ability to teach and be a
mentor—for which grad school and
postdoc provide little training. "You
get no background at all on manage-
ment of people or resources until
suddenly you're thrown into it as a
professor,” says James LaBelle, an
assistant professor in physics and
astronomy at Dartmouth. "It would
make some sense to have some man-
agerial-type courses” in graduate
school, he adds. It's a matter of sink
or swim as learning comes on the job,
agrees David Julius, an assistant pro-
fessorin pharmacology at the Univer-
sity of California, San Francisco: "There's
a lot to handle in the beginning. You
deal with things as they come up.”
Indeed, most of the investigators in-
terviewed by Science said many of
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Karen Gleason

Experience
with grants
“leads me to

believe there is
a tremendous
component of
chance.”

their most valuable lessons were
learned through hindsight, by analyz-
ingwhat worked and what didn't. And
it is their Monday morning quarter-
backing that we bring to you here on
the theory that it contains some use-
ful advice foryoungresearchers—and
their advisors—as they deal with com-
mon problems.

Guaranteeing a niche

It would be foolish to suggest that
just because no one is getting much
training in careersmanship, careers
are taking shape with no planning at
all. Despite the unknowns, young sci-
entists are still doing their best to
shape their fate. Julius, for example,
was drawn to life in the scientific fast
lane, and put together a pedigree
designed to get him there. After grad-
uate school at UC Berkeley, where he
studied the molecularbiology of yeast,
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"...one resume
made me look a
lot like an
electrical
engineer, and

another made me
look like a
physicist”

he decided he wanted to focus on
molecular neurobiology, so he looked
foramainstreamlab to help himmake
the transition.

"Youshould pick your postdoc care-
fully,” advises Stanford molecular neu-
robiologist Richard Scheller, "because
it's going to determine what you base
your own lab on.” And that's what
Julius did. He settled on Richard Ax-
el's lab at Columbia, he says, because
it was one of the few high-profile labs
doingmolecularneurobiology. Indeed,
that move proved successful: during
his postdoc Julius cloned the recep-
tor for the neurotransmitter seroto-
nin, an important piece of work that
made him a shoo-in at UCSF.

While Julius chose molecular neu-
robiology because his interests lay
there, the decision was also a strate-
gically sound one. Says Scheller, "There
are molecular neuroscience jobs in
huge numbers. Whole new depart-
ments are being formed.” Scheller has
another reason for appreciating the
benefits of doing a postdoc in a hot
lab like Axel's: he made the same
choice to work with Axel 10 years ago,
amove that helped land himhis job at
Stanford.

When it fakes two fo tango

Of course, not everyone can count
onone postdocas anadequate spring-
board. Jim LaBelle recognized early
that his love—experimental space
physics—could be problematic when
it came to landing a job. "My field
straddles two disciplines, electrical
engineering and physics,” he says.
"There is a feeling among physicists

1991

that space physi-
cistsare electrical
engineers, and
among engineers
that they are phys-
icists. There are
few schools where
they hire faculty
in space physics.”

Undaunted, La-
Belle decided to
build himself the
best possible re-
sume in both ar-
eas. He did that with two postdocs—
the first at the Max Planck Institut in
Munich, where there was a first-rate
space-physics team, and where La-
Belle had the chance to analyze huge
amounts of data and be involved in
many publications. Then, once he had
both his data-analyzing experience
and his CV beefed up, he went to Utah
State University, and got engineering
training in constructing the instru-
ments that he would need to gather
data on the radio-waves he studies. "
couldbasically prepare tworesumes,”
says LaBelle, "one of which made me
look alot like an electrical engineer,
and another of which made me look
like a physicist.” His strategy worked:
he landed the first job he applied for,
at Dartmouth.

Research in a liberal-arts world

Jennifer Cruise set her sights early
and didn’t waver. Her goal: to teach
and do research at a small liberal arts
college, where she could re-create
for her students the exciting glimpse
into research that she had gotten as
an undergrad at St. Lawrence Univer-
sity in upstate New York.

Cruise had faith in her ability to
teach. But she knew that what she
would need to pull off her plan was
experience in managing a research
program, and a research project with
which to set up her own lab. By the
time she received her PhD at Duke
University she knew she had found
both. She enjoyed her graduate work
on liver regeneration so much that
she decided to stay on in the same lab
as a postdoc and serve as co-investi-
gator on agrant to continue the work,
which she would eventually carry on
at her new job.

After her postdoc, Cruise accepted
a job at the College of St. Thomas, in
St. Paul, Minnesota, because new fac-
ulty there are being encouraged to
carry on research, which the college
supports at a low level. Cruise says
that support is one of the advantages
of the career path she has chosen.
"My job doesn’t depend on my main-
taining external funding,” she says.
"It was important to me not to have to

depend on federal grant funding in
order to hold my position.”

Nevertheless, Cruise has been suc-
cessful in her first round of grant-
writing. She received an Academic
Research Enhancement Award grant
fromthe National Institutes of Health,
and a Presidential Young Investiga-
tor award from the National Science
Foundation. The grant money has
enabled her to hire a research associ-
ate.

But even with grants and research
personnel, Cruise says, conducting
research at an undergraduate college
is quite different from at a large, re-
search-oriented university, because
most of the work is being done by
undergraduates who are in the lab
part time for a year or two at best.
"You can't do the same kind of things
you can do at a major research
university...you have to break every-
thing down into tiny little [student-
sized] pieces.”

Hitting the ground running

Whatever the path one has
chosen, the day arrives when
one suddenly has to take on the
role of assistant professor. For
many, that change—with all its
new responsibilities—is an eye-
opener. "I expected it would be
like making the transition from
one postdoc to another, or from
grad school to postdoc,” Jim La-
Belle recalls. "But it really was a
very different step from either
of those.”

Chuck Gasser agrees: "Run-
ning a lab is a very different
thing from doing research.” His
recommendation for getting a
leg up: do a stint in industry.
When Gasser finished his PhD
at Stanford, he applied for a
postdoc at Monsanto. That's
not terribly unusual in his field
of plant research, he says. But
the company gave him an op-
portunity that was a bit more
unusual. Instead of the postdoc
he had applied for, they offered him
apermanent position. Gasser says he
wavered a bit because he was "a little
worried about getting back into aca-
demia,” his eventual goal. He gam-
bled, took the job, and stayed 5 years.
Reflecting back from his current posi-
tion as an assistant professor at UC
Davis, he says going to Monsanto was
the right move. "I wouldn't recom-
mend against it to anybody,” he en-
thuses, "as long as it's a company that
publishes. I got to go to meetings, |
got to present talks, I got to publish
my work. If you can’t do that, it might
be muchmore difficult tore-enter the
academic community.”

Rob Hil U.Missouri
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Gasser says he realizes now that
Monsantowasanideal trainingground
for professorship: "I've had to make
up budgets for the last 5 years...I've
had to divide my time between re-
search and administrative stuff, and
I've borne the responsibility for edu-
cating the people that worked for
me."” Because of his industry experi-
ence, he thinks he's "more comfort-
able with this position than I think
some other people might be.”

Another strategy that paid off for
Mark Kirk, a neurophysiologist and
assistant professor at the University
of Missouri, was to write his grantand
order his equipment for his new lab
before he left his postdoc. Staying
put, he says, allowed him to work at
maximum efficiency and continue ex-
periments, while he got funding and
equipment for his own lab lined up.
Asaresult, "When I arrived, my equip-
ment was sitting in the lab ready to
put together. We were doing experi-
ments in no time.”

Kirk and friend

“when it comes
tenure time, even
here at a public
university, more
emphasis is put on
the research.”

Gefting funded
Despite the gloomy funding statis-
tics that haunt the nightmares of to-
day's grant seekers (see main story),
Kirk was lucky; he got the first grant
he applied for—an NIH award tai-
lored for first-time grant applicants—
for his work on the neurophysiology
of the marine snail Aplysia. But oth-
ers learn the hard way that there are
do's and don'ts of grant writing.
"Getting grants is pretty tough, I'll
tell you,” says Chuck Gasser, who has
some wisdom to offer based on his
first unsuccessful effort. His biggest
mistake? "I put all my good ideas into
[the grant]. And they don't grade you
Continued on p. 1147
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PUSH BACK TE

. BOUNDARIF

OF SCIENCE...OUR MISSION...

TOGETHER, the people of Boehringer
Ingelheim Pharmaceuticals, Inc. have
achieved a respected position for the Com-
pany in the United States health care en-
vironment. We have made a beginning. Now
we dedicate ourselves to pushing back the
boundaries of science in the search for
pharmaceutical products to treat cardio-
vascular, pulmonary, viral, immune-mediated
and other selected diseases.

We pledge that we will produce and
market, in the United States, superior and
competitive research based pharmaceutical
products to fulfill the needs of patients.

We will seek international recognition as
aleader in rthe pharmaceutical industry in our
selected areas of discovery, development
and medicine.

We will strive to obtain a leading share
in our target markets so that we may be
profitable and grow.

In the quest of our mission, we make
the following commitments:

To the patients who use our products...
We are committed to the highest standards
of scientific and medical excellence, safety,
quality and reliability.

To our employees.. We are committed to
personal respect, fair compensation, equal
treatment and a working environment that
promotes the development of professional
and management excellence.

To the communities where we conduct
our business.. We are committed to
conscientious citizenship and con-
structive action in support of civic
and environmental progress.

Our expanding facilities are located on
a campus like setting in a beautiful area of
western Connecticut. We have state-of-the-art
resources, a strong commitment to research
and a dynamic, people oriented organization.

If you wish to explore a career with an
organization which displays a keenly developed
sense of teamwork and whose people are
creative, energetic and dedicated to pursuing
their research, then Boehringer Ingelheim
may be of interest to you.

For consideration, please submit resume
to: Dept. JC-1S-001, Bochringer Ingelheim
Pharmaceuticals, Inc., 90 East Ridge, P.O.
Box 368, Ridgefield, CT 06877. We are an
equal opportunity employer m/f/h/v. As a pro-
gressive health care company, we have a
nonsmoking environment.
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Continued from p. 1145

on how many good ideas you have:
they have to find something to criti-
cize. The more ideas you putinto your
grant, the more likely there will be
one they pick out to criticize.” This
time, Gasser says, he wrote a more
focused grant, and expects it to do
better.

LaBelle has a related ploy that has
worked for him: "I tend to keep [grant
proposals] fairly small. [ have a defi-
nite sense that small proposals have
a better chance of getting funded.
The disadvantage of that is that you
have to write a lot of proposals,
and...each grant has a different as-
pectthatyouhave to satisfy and write
papers for.” LaBelle currently has g
grants, for an average of $40,000
annually each. The diversity acts as a
bitofasafety net, he says: "If any one
fails, it's not a disaster,” but the short
terms, generally 2 years, mean “the
renewals are on you before you know
it.”

Lectern lessons

Prepared or not, most new faculty
find teaching to be difficult and time
consuming at first. “Teaching was a
total shock tome,” admits MIT's Glea-
son. "I had been a teaching assistant
when | was doing my PhD, but that
was primarily grading problem sets,
not lecturing. You forget what people
know at given stages. It also takes a
certain personality.” Lecturing to an
auditorium and working in a lab, says
Gleason, "are diametrically opposed
lactivities].”

Gleason says she got some support
from fellow faculty, but she also got
the feeling that teaching takes sec-
ond place to research. "Even though
people talk about rewards for teach-
ing anc! rewards for research in an
academic career, you don't get the
impression that those two are weighted
equally,” she says. "So as long as you
are not abysmal, it is OK.” Similarly,
Kirk thinks that although he’s been
“an ahove average teacher, | know |

could be doing a lot more if it were a
more important part of my job. But
whenit comes tenure time, even here
atapublicuniversity, more emphasis
is put on the research.” Kirk advises
getting a head start on teachingexpe-
rience—he picked up some during his
postdoc at Stanford by volunteering
to give guest lectures in courses, and
got some experience as a mentor by
taking on the training of graduate
studentsin the labs where he worked.

Despite the nearly universal prior-
ity placed on research productivity,
faculty at schools with a heavy em-
phasisonundergraduate teachinghave
to accept that teaching will always
take a substantial amount of their
time, says Dartmouth’s LaBelle. "The
students...expectalot, and [ feel that.
| feel compelled to do a really good
job, and it takes more than 40 hours
aweek.”LaBellesaysheexpectsteach-
ing—which he does for three quarters
per year, will always occupy more
than half of his time during those
quarters.

Managing a lab

Whether they are facing an audito-
rium of undergrads from behind a
lectern, or facing a single graduate
student frombehind their office desk,
many new faculty feel suddenly lone-
ly—separated from the world of post-
docs and students they used to be
immersedin. "Whenyou'reastudent,
the relationships you develop with
your peers are helpful for relieving
stress, says chemist Banita Brown, of
the University of North Carolina at
Chapel Hill. "When you're the manag-
er, you're the one who's in charge. If
| wanted to gain the respect of my
students, | couldn’t go around acting
like them.”

Physicist Monica Olverade la Cruz,
of the University of Chicago, learned
that lesson the hard way. "I got very
close to my first students. We were
almost the same age—I'm 32 now, and
five years ago when | started, | had

é*»‘]unior faculty need protected time to develop. Look for a

'jzb where the boss is willing to give protected time for 3
years with as little teaching as possible.”

biochemist T.K. Li, Indiana University
»

“Committees [particularly if you're female or minority] are
a big distraction. There are so many distractions that a lot
of people never really make this transition [from postdoc

to assistant professor]”
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Max Cowan, Howard Hughes Medical Institute

students of 24 and 25. [ was not used
to keeping the distance that is neces-
sary for being an adviser.” Although
the friendship with her students was
a comfort, she says. it was an invita-
tion to trouble: "Even if you are very
close friends, you will have to act like
an authority at some point, and that
will be resented by the student. Soit’s
not fair to them. | tell all my new
[professor| friends to be careful.”

Establishing authority is not the
only step in learning successful man-
agement, young faculty find. After
years of doing the experiments your-
self, it can be hard to sit back and let
students find their own way. "A large
part of your responsibility is not only
to get science done, but also to pro-
vide an adequate training environ-
ment,” says UCSF's Julius. "Within the
boundaries of good science, you have
to let people learn what they need to
learn.” Kirk agrees. "You have to let
the students do the experiments, but
that can be agonizing,” because they
can be so slow.

But Kirk has found that training
time can be converted into a direct
research payoff. He has trained a se-
ries of undergrads who have stayed
ontowork as technicians forayearor
two before goingon tograduate school.
“They make great technicians,” he says.
“They are soaking up everything, and
are really eager to learn. And they
provideayoung, fresh perspective on
what you're doing.”

Being a good cifizen

To a new professor in the midst of
adjusting to all the demands of aca-
demic life, administrative and com-
mittee responsibilities may seem like
the last straw. At the small college
where Jennifer Cruise works, she found
she was practically a one-person ad-
ministrative show. "I'm the radiation
safety officer at my college. In order
to be able to work with radioactivity
here, I had torewrite our license. And
I'm the chairman of the institutional

animalcare anduse committee.”Having
to be a committee pioneer, observes
Cruise, "is not a solution that a lot of
people would find acceptable.”

Eventhose whodon'thave Cruise’s
burden can find themselves takingon
a hefty share of committee responsi-
bilities. Mark Kirk has watched his
schedule fill up with meetings of com-
mittees for everything from sympo-
sium-organizing to studentdiscipline.
“It's important to be a good citizen,”
he says, but it's equally important to
avoid overcommitment. "l know peo-
ple that frustrate the hell out of you
because they say they're going to do
somethingand they neverdoit.” MIT's
Gleason agrees that there is a fine
line between being a good citizenand
being overextended. She manages a
department seminar program. and
serves on the graduate admissions
committee. She says she keeps her
time commitment to these things small,
by being organized. "The word 'no’ is
also helpful,” she adds.

Kirk says he got valuable insights
into what to expect from committee
work by volunteering to be the stu-
dent member on faculty committees
back when he was a graduate student
at Rice University. There were other
bonuses as well: " was on a search
committee one time—that wasagreat
experience. It shows you so many
different aspects of what it takes to
get a job.”

When you add up all the difficul-
ties of launching an academic career,
it's clear that it must be a labor of
love. "Academic careers do require
an incredible amount of devotion,”
says Dartmouth'’s LaBelle. "For a cer-
tain number of years of your life, you
have to totally work hard, and give up
a lot of extra activities. There are
times whenthis johis very rewarding,
and thereareother times when [wonder
why I'm doing it. But I'm definitely
going to be sticking with it.”

&.@)

“There is little or nothing about the ordinary PhD training that
qualifies anybody to manage anything.”

Peter Raven, Missouri Botanical Garden

Getting an academic job is a "hard life—you have really got to
be passionate about it to stand it because the demands are

really excessive.”

Sylvia Ceyer, MIT ckemist
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MENATIONAL INSTITUTE

OF ENVIRONMENTAL HEALTH SCIENCES

in Research Triangle Park, North Carolina,

has challenging opportunities for Researchers!
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The mission of the National Institute of Environmental Health Sciences (NIEHS)
is to characterize the chemical, physical, and biologic factors in the environment
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the mechanisms and manifestations of human diseases and to provide the rational
scientific basis for the development of control measures by other agencies.

EMPLOYMENT

OPPORTUNITIES AVAILABLE:
Postdoctoral fellowships and Senior Scientist
positions are available for applicants in the physical
and life sciences interested in applying a
multidisciplinary approach to research in
environmental health. Salaries for permanent
positions range from $44,348 to $80,138. The
stipend range for postdoctoral fellowships is $24,000
to $46,861. The detailed compensation and benefit
package will be outlined once the appointment
mechanism is determined by the Institute.

Research Chemists Research Biochemists Epidemiologists
Toxicologists Research Physicians Veterinarians
Physiologists Molecular Biologists Research Biologists
Immunologists Research Geneticists Biostatisticians
Pharmacologists Research Biophysicists  Lab Animal Scientists

LOCATION:

The headquarters and intramural
research programs of NIEHS are
located in Research Triangle Park,
North Carolina. Its proximity to
three major universities - The
University of North Carolina in
Chapel Hill, Duke University in
Durham and North Carolina State
University in Raleigh - facilitates the
close working relationships between
the staff of the universities and the
Institute.

Amenities include on-site day care facility,
Fitness Program, Spouse Placement Assistance
Program, continuing training and development
opportunities, and a competitive retirement package.

NIEHS is an Equal Opportunity Employer

QUALIFICATIONS
REQUIRED:

All applicants must possess a Ph.D.,
M.D., D.V.M., or equivalent degree.
Applicants for postdoctoral
fellowships should possess less than
7 years of postdoctoral experience.
U.S. Citizenship is required for
permanent positions.

HOW TO APPLY:

Submit the following to the

address listed below:

1. A cover letter describing the
types of research position(s) of
interest and date available for
employment.

2. Curriculum vitae and
bibliography.

3. Three letters of reference.

4. A statement regarding
citizenship status (U.S. citizen,
permanent resident, or type of
visa held or sought).

NIEHS Personnel Office
(HNV33)

P.O. Box 12233

Research Triangle Park, NC
27709



Share Our
Worldwide Commitment
To Discovery.

As one of the

world’s leading phar-

maceutical companies,

Eli Lilly and Company has

a vision for tomorrow: to

enhance the discovery of phar-

maceuticals and expand our knowl-

edge of medical research to benefit

people the world over. We've had a direct presence

abroad for more than 70 years, and today our pro-

ducts are available in more than 110 countries.
Supported by a research budget in excess of $700

million, our 4,000 research scientists and technicians

are pursuing a wide range of important research

projects. We're developing innovative therapies for

cancer; cardiovascular, pulmonary and skeletal

. o

diseases; diabetes;
CNS conditions, and
bacterial and viral
infections.
If you possess a degree in
Biochemistry, Cell Biology,

Analytical or Organic Chemistry,

Molecular Biology, Pharmacology,
or a related discipline and you share our commitment

to the future, we invite your inquiry.

Loy

An equal opportunity employer.

For prompt consideration, please forward your
resumé to: Corporate Recruitment, Dept. CIS-
591, Eli Lilly and Company, Lilly Corporate
Center, Indianapolis, IN 46285.







StatView

for the Macintosh

“StatView® will appeal to anyone who uses
statistics professionally ... the first choice
for analysts who present their results.”
—Macworld

“... a remarkably complete statistics and
data analysis package.” —MacUser
“StatView could stand alone as a presenta-
tion graphics program as well as an analysis
_program.” —BMUG Neuwsletter

What more could we say? Only that StatView
is the winner of the 1987, 1988, 1989, and

1991 Macworld World NANRALMS
Class Awards. N
Find out why. Callusat . el;mmmi?&vfgg
1-800-666-STAT, ext. 11. (415) 540-1949
D SV o g etk of s Concpts, . Al other

Circle No. 164 on Readers’ Service Card

PICO-INJECTOR

for all your injection needs...

extracellular-intracellular

* Reproducible dell « Digital displays  Balance/clear pressu
* Vacuum flll/hohr;oyogﬂgmlfootmﬂn]ocﬁon count ree

The Medical Systems  * et B0 T
Co tion PICO- BEREE o '@
INJECTORisahighy | cooo® , ° 2

versatile single channel
ressure unit that delivers volume from microliters to
'emtoliters using micropipettes. Its reproducible delivery
allows a beginning or kelxperienoed user to master all aspects
of microinjection quickly. THE RIGHT

Corp.

Call One Plaza Road, Greenvale, NY 11548 » (516) 621-9190
800-654-5406 TELEX: 645031 MED SYSTEMS * FAX:516-621-8503

Circle No. 80 on Readers’ Service Card

® High purity of the plasmid
Equivalent to DNA isolated by CsCl gradients

® High recovery

Above 90% from 50 ng to 500 ug
® Rapid

Up to 20 preps in about 1 hour

® Easy to handle (only four steps)
1. Alkaline cell lysis
2. Adsorption of the lysate
3. Cartridge washing
4. Elution of pure plasmid DNA

® Ready to use
Kits contain everything you need for the purification

® Safe

Only non-toxic reagents are used SRyt

Please ask for further information! on R.S.C.

MACHEREY-NAGEL ]

MACHEREY-NAGEL GmbH & Co. KG - P.O.Box 101352 - D-5160 Diiren
Germany - Tel. (024 21) 6 98-0 - Telex 8 33893 manad - Fax (02421) 620 54

Switzerland: MACHEREY-NAGEL AG - P.O.Box 224 - CH-4702 Oensingen
Tel. (062) 7620 66 - Telex 982908 mnag ch - Fax (062) 762864

We exhibit at ACHEMA: HALL 6.1, BOOTH H 20-21, J21.




