


Gain 50% or more space and ke 
a cleaner enviroment with ithe I 

- 
9 ' 

I 

" 4,- 

6 ' 

remalns the same You can \!mply 
order new M~cro-l4olator t o p  and 
formed frame 11ds and ~ 1 5 e  then1 w t h  
your exl\tlng cage bottom4 C a g o  
1 ~ 1 t h  autornatlc alr and \vatel and 
4upportlng racks arc aI5o ava~lable. 

I 

~ m n - k n b t n r a n d  ~lrro-lsola~ot LParermdemarksof Lab Products. 1°C 



I Many of our customers a s k d  for lab real estate. (Where yon for- 
a Micro-Isolator"' system that merly used 3 rooms, you can 
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effectively contained bedding You can realize cost cffi- 
material. Lab Products, Inc. came ciencies, as well, on cleaning and 
back with the Micro-Isolator sterilization. 
LP "', a new standard in housing The new cages also come 
for mice, designed to maximize fitted with optional automatic air 
your rack capacity and keep your and watering valves, part of our 
shelves cleaner. Micro-Isolator Plus ' "  and Micro- 

For example, 126 new Isolator VCL'" environmental 
Micro-Isolator LP cages can now control systems for dranlatically 
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where, typically, only 84 cages I~umidity within the cage. 
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racks, and fewer racks mean person will be happy t o  detail - inore space available for other how you can benefit fro~n tl~ese 1 functions-a valuable savings on new improvements. 

' N e ~ v  hlicro-I\olaror I P ' "  S tandard  ,Cllcro-l\olatorA 
Helghr b l l ~ "  Hclplit 8'1s" 

labmductsinc 
I 

- 

a G ~ I X J ~  company 
L i i  \\c.\i 51111112 \,ill<,\ \ \C I I I IC .  1 ' 0  l h ~ \  SOS, \ \ J \ \ \ ~ I o ~ I .  UC\\ I L , I \ ~ \  0;oo; 
201  Sl3-4000 SO0 i2O-llJO'l F,\k 201 Sl3-(~i)-!il 

Circle No. 38 on Readers' Service Card 



1047 This Week in Science 

1060 The Calculus of Education Reform 
1062 U.S. R&D Spending: Half Full? 
1063 Zeroing in on   rain-  ox ins 

Malaria Vaccine on Trial at Last? 
1064 Tuberculosis Rebounds While Funding Lags 
1065 Canadian Chemist Takes on Working Women 
1066 Engineering Academy Elects New Members 

1067 Giving the Galaxies a History 
1068 LIGO Gets a Site 
1069 Infection With Selection: HIV in Human Infants 
1070 A Biopesticidal Tree Begins to Blossom 
1071 Human Ancestor Found-In Museum 
1072 Stem-Cell Gene Therapy Moves Toward Approval 
1073 Briefings: Rechanneling Soviet Scientific Talent . Medical Use for Bomb Waste . 

Experts Slam Olympic Gene Test 

Frontiers in Material Science 
News Reports 
No More "Heat, Beat, and Hope" 
Superconductors in Japan 
Looking Eastward in Search of the Right Stuff 
Articles 
Advanced Materials for Aircraft E n p e  Applications: D. G. BACKMAN AND 

J. C. WILLIAMS 
Epitaxial Growth and the Art of Computer Simulations: H. a m ,  Y.-T. Lu, 
Z. ZHANG 
Rapid Solid-State Precursor Synthesis of Materials: J. B. WILEY AND R. B. KANER 
Innovative Materials Processing Strategies: A Biornimetic Approach: A. H. HEUER, 
D. J. FINK, V. J. LARAIA, J. L. A m ,  P. D. CALVERT, K. KENDALL, G. L. ~ S S I N G ,  

J. BLACKWELL, P. C. ~ K E ,  D. H. THOMPSON, A. P. WHEELER, A. VEIS et at. 

SCIENCE (ISSN 0036-8075) is published weekly on Friday, except the last week In December, by the American 
Association for the Advancement of Science, 1333 H Street, NW, Washington, DC 20005. Second-class postage 
(publication No. 484460) paid at Washington, DC, and additional mailing offices. Copyright O 1992 by the American 
Association for the Advancement of Science. The title SCIENCE is a registered trademark of the AAAS. Domestic 
individual membership and subscription (51 issues): $87 ($47 allocated to subscription). Domestic instiutional 
subscription (51 issues): $195. Foreign postage extra: Mexico, Caribbean (surface mail) $50; Other countries (air 
assist delivery) $95. First class, airmail, student and emeritus rates on request. Canadian rates with GST available 
upon request, GST #I254 88122. Change of address: allow 6 weeks, giving old and new addresses and 11-digit 
account number. Postmaster: Send change of address to Science, P.O. Box 2033, Marion, OH 43305-2033. Single 
copy sales: $6.00 per issue prepaid includes surface postage; Guide to Biotechnology Products and Instruments, 
$20. Bulk rates on request. Authorization to photocopy material for internal or personal use under circumstances 
not falling within the fair use provisions of the Copyright Act is granted by AAAS to libraries and other users registered 
with the Copyright Clearance Center (CCC) Transactional Reporting Sewice, provided that the base fee of $1 per copy 
plus $0.10 per page is paid directly to CCC, 27 Congress Street, Salem, Massachusens 01970. The identiiication code 
for Science is 0036-8075183 $1 + .lo. Science is indexed in the Reader's Guide to Periodical Literature and in several 
specialized indexes. 
The American Association for the Advancement of Science was founded in 1848 and incorporated in 1874. Its objectives 
are to fulther the work of scientists, to facilitate cooperation among them, to foster scientific freedom and responsibility, to 
improve the effectiveness of science in the promotion of human welfare, to advance education in science, and to 
increase public understanding and appreciation of the importance and promise of the methods of science in human 
progress. 

SCIENCE, VOL. 255 



COVER Silicate glasses prepared with the sol-gel process that contain the encap- 
sulated metalloproteins ferricytochrome c and ferrocytochrome c, copper-zinc 
superoxide dismutase and its cyanide adduct, and metmyoglobin. For the samples 
arranged in a circular fashion, the outer circle consists of aged gels and the inner 
circle of the corresponding xerogels. See page 11 13. This issue of Science focuses on 
advances in the design, synthesis, and processing of materials. [Photographs by 
Louis Meluso] 
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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 booklet 
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. 

Pure nucleic acids - 
QIAGEN does them all ! 

oligos A 

genomic 
DNA 

USAICANADA QIAGEN Inc. Chatsworth CA 91311 Phone (800) 4268157 (818) 718-9870 Fax (818) 718-2056 
GERMANY: DI~GEN ~mb~ . '~ax -~o lmer :~ t r .  4,4010 Hilden. Phone (0) 21& 89 20. Fax (0) 2103 89 22 22 
DISTRIBUTORS: AUSTRALIA: Phoenix Stansens Scient.Div. (3) 544 8022 AUSTRIA: Bio-Trade (222) 828 46 94 
BENELUX: Westburg B.V. (NL-33) 95 00 94 FRANCE. Co er (1) 45 33 67 17 ISRAEL Bio-Lab Laboratories Ltd. 
(2) 52 44 47 ITALY: Genenco (M-Medical) (55) 67 64 41 J~PAN: Funakoshi Co. Ltd. (3) 5684 1622 
KOREA: LRS 924-8697 PORTUGAL: lzasa Portugal, S.A. 758 07 40 SCANDIN~IA: Kebo Lab: Denmark: (44) 68 18 00, 
Finland: (90) 437 56 40. Norway: (02) 30 11 20. Sweden: (08) 621 34 00 SPAIN: lzasa S.A. (3) 401 01 01 
SWITZERLAND: Kontmn Instruments AG (1) 733 5 733 TAIWAN: Form0 (2) 736 7125 UK: Hybaid Ltd. (81) 977 3266 
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Materials world 
% his special issue focuses on ad- 

vances in the synthesis and pro- 
cessing of materials, which can 

open new areas of scientific investigation 
as well as technological opportunities (pp. 
1082 to 1112; see editorial by Brauman, 
p. 1049). How materials actually get 
developed in the real world is the focus 
of a special news section (pp. 1077 to 
1081), including the development of 
superconductors in Japan, entrepreneur- 
ial efforts to harness scientific advances in 
the former Soviet Union, and proposed 
&ding initiatives in the United States. 

i& roG, transparent glasses c d d  
k- lead to numerous biosensor ap- 

plications, but proteins normally de&- 
ture under the harsh conditions used in 
sol-gel processing. Ellerby et al. (p. 11 13; 
cover) found that modrfjrlng the normal 
sol-gel processing conditions, such as 
omitting excess alcohol and buffering the 
acid, allowed proteins and enzymes to be 
incorporated in their native state. The 
porosity of the glass allows small mol- 
ecules to diffuse into the glass and bind to 
or react with the protein. For example, 
encapsulated ferricytochrome c could be 
reduced and reoxidized, and the result- 
ing color changes could be observed. 

3P he flow of electrical current 1 F' $ . hrough a surface, but most 
studies have involved small molecules 
or atoms. Pomerantz et al. (p. 11 15) 
have used a scanning tunneling micro- 
scope to measure the properties of a 
surface covered with the larger species, 
copper phthalocyanine. Attachment of 
the molecules to graphite changes the 
current-voltage behavior from symmet- 
ric to highly asymmetric, or rectifjing. 
The electronic energy levels of the or- 
ganic adsorbate are responsible for the 
c h a n g ~ ~ ~ ~ ~ r o 4 + ~ ~  b g  i 

. h  , f &  % 
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This Week in 

Meteorite ages 1127) have isolated the genes that en- 
code subunits of yeast TFIIA and show 

ost iron meteorites are sam- that they are essential for growth of 
ples of the iron-rich cores of yeast. Buratowski and Zhou (p. 1130) 
small planets that were subse- studied a region of TFIID that is rich 

quently fragmented by collisions with in basic amino acids. Mutations in this 
other bodies. The age of the iron mete- region caused TEIID to  be defective i~ 
orites thus constrains the times of core its interaction with TFIIA, suggestin; 
formation and cooling of these early that this region is important for pro 
planets. Recent advances in analyzing tein-protein interactions. 
isotopes of rhenium and osmium, ele- 
ments that hctionate into metal cores 
of planets, now allow recognition of alecghe tmnsmfis&0n 
differences in ages among iron meteor- 
ite groups. Horan et al. (p. 11 18) show iral sequences of human imrnu- 
that group IIAB iron meteorites likely 1 7  nodeficiency virus-l (HIV- 1 ) 
originated from a planet that melted appeared to be less diverse in 
and cooled within 100 million years of children than in their mothers when 
formation of the solar system. Other the virus was transmitted during preg- 
iron groups show younger apparent nancy. Wolinsky et at. (p. l f  34; see 
ages and may have been derived from news story by Palca, p. 1069) analyzed 
larger planets that cooled more slowly. sequences from the V3 and V4-V5 re- 

gions of the envelope genes of HIV-1 
for three mother-infant pairs. The 

Acceptor overlap prevalent genotype in the infants ap- 
pears to be derived from a single form 

A cceptor stems of transfer RNAs in their mother; in two pairs a proviral 
(tRNAs) may confer a substan- form that occurred infrequently in th 
tial part of the recognition of mother was the most common form i ~ .  

tRNAs by their cognate amino aqd the infant. The conserved N-linked 
tRNA synthetases. Francklyn et al. (p, glycosylation site was absent in all of the 
1121) found a seven-base pair RNA infant sequences 
microhelii to which glycine is added 
specifically. A small number of sequence 
elements specified this charging with Hernatopietic ma-1 
glycine. Sequence variants were made 
so that this microhelix could be com- 1 normal development mature he- 
pared with microhelices specific for his- matopoietic cells originate fion 
tidine or alanine. The nucleotide posi- - rare progenitor cells such as sten 
tions determine charging overlap, but cells, but coaxing immature human cell 
microhelices constructed with mixed into producing the diverse array of cells in 
signaling sequences would accept no the blood system has been difficult. 
more than one amino acid. Lapidot et al. (p. 11 37; see news story by 

Thompson, p. 1072) report that in irra- 
diated severe combined immunodeficient 

Initiating t pti0 (SCID) mice, stimulated immature hu 
-s man cells in transplanted bone marrol 

A ppropriate initiation of basal- could form mature myeloid, lymphoid 
level transcription by RNA and erythroid cells when certain growtl 
polymerase I1 may be regulated factors were coadministered. These fac 

by the interaction of other general tran- tors included human mast cell growth 
scription factors with transcription fac- factor and a fusion of interleukin-3 and 
tor IID (TFIID), which recognizes the human granulocyte-macrophage col- 
TATA element and serves as a base for ony-stimulating factor. This approach 
assembling a competent transcription can be used to detect immature human 
initiation complex. Ranish et al. (p. cells and to identify key growth factors. 
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- QUANTIKINE" 

Quantikine Kit 
The Tool To Measure Cytokines: 

TNF a 
TNF p 
G-CSF 
GM-CSF 

IL-4 New: LIF 
IL-6 IL- 1 ra 
IL-7 Erythropoietin* 
IL-8 Transferrin Receptor 

The R&D Systems' Quantikine series of immunoassays 
is a complete set of reagents designed to accurately 
measure the concentration of cytokines in fluids. The 
high sensitivity and wide standard curve range offered 
by each Quantikine Kit enables precise measurement 
of cytokines at both high and low concentrations in less 
than 4% hours. 
FOR RESEARCH USE ONLY. NOT FOR USE IN 
DIAGNOSTIC PROCEDURES. 
'CLINIQEN ERYTHROPOIETIN KIT- FORIN VITRO DIMNOSTIC USE. 
In Europe contact: 

Telephone: +44 (0865) 781045 
Fax: + 44 (0235) 533420 

In Japan contact 

Funakoohl Co., Ltd. 
9-7, Hongo 2-Chome 
Bunkyo-ku. Tokyo113 
Telephone: + 81 (03) 58841622 
Fax: + 81 (03) 58841833 

11-6 Standard Curve 

1 10 100 
IL-6 Concentration (pg/rnL) 

R&DSy6tema pa 614 McKinley Place N.E. 
Minneapolis, MN 55413 
In Minnesota: (612) 379-2956 
Fax: (612) 379-6580 
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Hard Copy your PCR 
products with one-step 
TA Cloning::. 

A Universal 
System for Cloning - 

PCR Products 
Direct hard copy cloning of PCR* products 
into the multifunctional pCR200OW vector 
is now possible with the new TA Cloning 
kit from Invitrogen. This system elimi- 
nates inefficient, time consuming reactions 
normally involved in cloning PCR prod- 
ucts and allows direct cloning of amplified 
nucleic acids from genomic DNA, cDNA 
or recombinant lambda, cosmids and YACs. 

TA Cloning requires: 
1/11 NO purification of PCR products 
1111 NO modification of primers to 

incorporate restriction sites 
1/11 NO restriction enzyme digestion 
1/11 NO modifying enzymes 
1111 NO sequence information 

The TA Cloning system from lnvitrogen 
allows bluelwhite color selection of 
recombinants from the pCR2000vector 
and is useful for most PCR reactions 
including: 

Symmetric PCR Inverse PCR Alu 
PCR Sequence independent PCR 
mRNA PCR Sequence Tagged Sie 
PCR Anchored PCR 
TA Cloning is an ideal system for direct 
sequencing and expression of PCR 
products and provides a means of safe- 
guarding precious samples for future 
analysis, probe generation or other 
manipulations. The prepared pCR2000 
vector is designed to take advantage of 
the universal ragged ends generated by 
the terminal transferase activity inherent 

in 1 
COI 
ti01 
20 
the 

~ermophilic polymerases. Each kit 
tains prepared pCR2000 vector, liga- 
reagents and competent E. coli for 

,eactions. For more information on 
;e and other PCR products call; 

TOII Free 1-800-955-6288 
3985- B Sorrento Valley Blvd. 
San Diego, CA 92121 
(619) 597-6200 Phone (619) 597-6201 Fax 

ISH BIOTECHNOLOGY LTD, UK - TEL: 44-235529449s AMS BIOTECHNOLOGY UK LTD, UK - TEL: 
44-993822786 . BDH INC., CANADA - TEL: 800-268-0310 BIO-TRADE, AUSTRIA - TEL: 43-2228284694 . ? CELBIO, ITALY - TEL: 39-24048646 FUNAKOSHI PHARMACEUTICALS, JAPAN - TEL: 81-356841622 

ITC BIOTECH GMBH. GERMANY - TEL: 06221-303907 KEBO LABS AB. SWEDEN - TEL: 46-86213400. 
MEDOS COMPANY PTY LTD, AUSTRALIA - TEL: 61-38089077 

'PCR IS covered by U.S. Pat. X's 4,683,202 and 4,683,195 issued ta Celus Corporation. 
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BRING THE P O ~ R  
OF PCR TECHNOLOGY 
To ENVIRONMENTAL 

ANALYSIS. 

Faster analysis with greater sensitivity and specific- 

ity Easier interpretation with increased assurance 

and semi-quantitative results. 
Legionella L P - + 

New EnviroAmpTM Reagents such as 

' The EnviroAmp the EnviroAmpW Legionella Kits, 
'Legionella Kits provide 
ra modular system for together with GeneAmpr" PCR 
'sample preparation, 
PCR amplification artd Instrument Systems, provide sim- 
detection of greater 
than 20 Le~ionella ple yet powerful solutions to your 
species and 15 1 pneu- 
mophila sera groups. toughest analytical challenges. 

The first in a series of kits for PCR-based analysis 

of water samples, the EnviroAmp Legionella 

Kits contain reagents and protocols optimized for 

detecting both Legionella and L. pneumophila. 

The colorimetric reverse dot blot format with 

built-in positive and negative controls provides 

immediate, unambiguous 

results. All 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 sales representative. 

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. AustraliaTel 61-3-560-4566 Fax- 61-3-560-3231 
Latin America Mexico City Mexico TeI: 52-5-651-7077 Fax, 52-5-593-6223 

GeneAmp snd EnvlroAmp are trademarks ol Celvr Corporal<on 
The PCR ~rocess IS cavered by U S  ~ a t e n t s  >%rued lo Cetus Colpolalmon 
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ng an U h  rotor warranty 
withywwhereveryouturn. 

Buy a SORVAU~ Ultra rotor and you'll be 

covered with the most comprehensive five-year 
warranty in the business - even if you use a 

Beckman Ultracentrifuge. 
Run your SORVALL Ultra rotor in either a 

SORVALL or Beckman Ultracentrifuge and we'll 
back it with the only full five-year, non-prorated 
rotor warranty available. We'll even warrant 

the Beckman Ultracentrifuge against damage. 

Du Pont will also assume the remaining 

warranty on any Beckman rotor - should you 

use it in a SORVALL Ultra. Only SORVALL offers 
the flexibility to choose the ultra rotor best 

suited to your needs, without risking your 

warranty protection. 

For a free copy of the SORVAU Ultra rotor 
warranty or more information on SORVAU 

Ultracentrifiqp, call 1-800-55 1-21 2 1. And 
stick with the ultra rotors that are covered at 

every turn. Du Pont SORVALL. 

80RVALL.n better choice. @m= 
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ikon's Microphot-FXA . . . 
the first research N 

upright metallograph t o  
display real intelligence.. . 

-1 complex microscopy 
and photo protocols with user 
defined software management. 

-1 clear, crisp images 
satisfying ASTM requirements 
with magnifications from 10X t o  
over 2000X including BD plan 
apochromatic objectives. 

-1 the brightest low 
light image in the shortest 
exposure time. 

ICONCENTRATES] essential 
controls in a sinqle "erqo-control 
centei' so your eyes never leave 
the specimen. 

ISWITCHES] effortlessly 
between reflected and trans- 
mitted light techniques including 
brightfield, darkfield, DIC, 
polarized light, interferometry 
and epi-fluorescence illuminations. 

1-1 key camera and 
microscope data on a clear. 
bright LCD screen. 

exposure time, film 
speed, frame number, bracket 
exposure adjust, lux intensity. 
auto-scale, photo magnification 
or user defined ID file name/ 
number on the film. 

ICALCULATES] total magnifica- 
tion and prints it on the film. 

-1 the DX code from the 
film cassette and automatically 
sets the film speed. 

I AUTOMATESI control of 
brightness, motorized nose- 
piece, stage movement 
(optional), and photo light path 
selection. 

 DOCUMENTS I hard copy of all 
functions via desk-top printer. 

(STORES data and automated 
functions for UD t o  3 attached 
cameras independently for a 
total of 18 separate data print 
files. 

[COMMUNICATES] with a host 
computer for remote control 
and quantitative applications. 

-1 t o  computer 
commands via RS 232 protocols. 

You'vejust begun t o  touch on 
the total system advantages of 
the Nikon Microphot-FXA. 
Discover more. Contact Nikon 
Inc.. Instrument Group, 1300 
Walt Whitman Rd., Melville, NY 
11747-3064. (516) 547-8500. 

Extending Man's Vision 
Circle No. 19 on Readers' Service Card 



If You 
Could SaveTime 

Now you can. Bio-Rad's new 40% 

Electrophoresis 
Purity Reagent 

40% 
~@rykmid@18i8 I 

~crylamide Solutions allow you to obtain repro- 
ducible electrophoresis results faster, while minimizing 
exposure to potentially toxic chemicals. Surprisingly 500 ml 545.00 

affordable, the solutions are stable for one year and are 
provided ready to use. One 500 ml bottle of 161 -01 40 40% Acrylamide Solution 500 ml 36.00 
Acrylamide/Bis solution is enough to cast 300 12% 

Life Science united A m i s  Auswa Belgium Can%da China Fmnm 
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