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Use Your Plasmids for Site-Directed ~uqenesisg$@*3 
m.eB3. No Subcloning or Single-Stranded Rescue 

No Special Cell Lines or Vectors 
Mutagenesis Efficiency Routinely 

Figure A Figure B WIL Stratfgene's DoubleTakeM Mutagenesis Kit, site- bead. The strands are separated, and extension and 
directed rnutagenesis can now be performed on mutant oligonucleotides are annealed to one of the 
double-stranded plasmids.. .in one day. The Double- bound template strands. DNA polymerase is then used 
Take Mutagenesis Kit eliminates tedious subcloning to synthesize and incorporate the oligonucleotides. 
into h e n t o u s  phage and the need to produce The synthesized complementary strand is melted off of 
single-stranded templates. The method is fast and easy the bead and recircularized. The resulting circular 
& mdqewsis efficiencies greater than 70%. molecules are then transformed into the host. 
Stmbgem's ~ o u b l e T a k e ~  Mutageaesis Wit So do a DoubleTake ... and never be single- 
uses a novel solid-phase approach. First, the double- stranded again! 
stranded DNA is biotinylated and attached to an avidin 
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Seqwndng data of a paint mutation 
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kg tbe Double~ake~ ~aageaais Klt. 
A) Sequence of unmutated plasmid DNA. The 
arrow indicves the target adenine residue. 
B) Sequence of plasmid DNA isolared after site- 
directed mutagenesis. The arrow indicates the 
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From Adherent Cells to Receptors ... 
600 Samples Per Hour! 

Introducing TopCountTM Microplate Scintillation and Luminescence 
Counter: Eliminates LS cocktail; counts luminescence, too! 

Topcount, a new scintillation counting technology, And, best of all, Topcount measures LSC and lumines- 
will revolutionize the way you count radiolabeled cence samples in the same system. Now you can step into 
samples. Beta and gamma labeled samples are counted the future with non-isotopic luminescence technology 
in microplates, up to twelve samples at a time, with or without giving up the proven perfarmance of radioassays. 
without liquid scintillation cocktails. So why wait? Before you count andher vial or open 

TopCount is easy. No longer do you have to transfer your another cocktail bottle, call Packard and ask for Topcount. 
samples to vials or test tubes. Coated-well, adherent cell and 
hank&d samples are all counted d i i t l y  standard 8 X 12 

- AZ>*'- 
and 4 X 6 microplates. 

TopCount is fast. Counting times are reduced from 
hours to minutes, without sacrificing accuracy. TopCount's 
improved throughput has been proven for liquid and solid 
scintillation applications, as well as filtration and scintilla- 
tion proximity assays (SPA), and for radionuclides including 
W, '=I, Wr, 14C, =S, and ,rP. 

TopCount cuts costs. Samples are counted with 
minimal cocktail or without coclaail at all. Uniaue solid 
scintillation LumaPlatesm eliminate the use ani  d i i l  
of scintillation solvents. 
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New Options In PCR Enzymes From 

N o  matter what your 

application is, no matter 

how much PCR enzyme 

your laboratory requires, 

Perkin-Elmer can meet 

New ArnpliTaqB DNA ArnpliTaq8 DNA Polymerase, 

your needs. Now available 
Polymerase, LD is ideal Stoffel Fragment meets special 

for low copy number amplifications PCR needs such as amplification 
in a selection of formulations 

of bacterial targets. A proprietary of G+C rich templates and multiplex 

and quantities, the AmpliTaq" separation process has been used PCR. AmpliTaq DNA Polymerase, 

to reduce background DNA to fewer Stoffel Fragment features increased 

family of recombinant Taq than ten copies. You'll find the same thermal stability, optimal activity 

over a broad range of magnesium 

DNA polymerases offers 
ion concentrations and lack of 5'3' 

exonuclease activity. 
the most options for 

nience. All bac 



Our Expanding ArnpliTaq F d y  

AmpliTaqm DNA Polymerase 

for DNA Sequencing is spe- 

cially formulated for DNA sequencing. 

It can be purchased separately or 

as a component of the AmpliTaqe 

Cycle Sequencing Kit for direct 

sequencing of PCR products and 

double-stranded DNA or the 

AmpliTaq" Sequencing Kit for 

sequencing single-stranded DNA. 

New savings for ArnpliTaqm 

DNA Polymerase, the most 

published PCR enzyme and the 

enzyme of choice for most applica- 

tions, including emerging techniques 

such as in situ PCR. Special quantity 

multipacks, containing 1000-unit 

and 250-unit vials, offer significant 

savings compared to the single 

250-unit vial. 

New AmpliTaqe DNA 

Polymerase, AS lets you 

save even more on AmpliTaq DNA 

Polymerase by specifying ambient 

shipping and lowering delivery charges. 

It represents an environmentally 

sound option. 

In the U.S., call PE XPRESS 

at 1-800-762-4002 to order. Or call 

1-800-762-4001 for technical informa- 

tion. Outside the U.S., contact your local 

Perkin-Elmer sales representative. 

Europe Vaterstenen. Germany Tel: 49-8106-381-115 Fax- 49-8106-6697 
Canada Montreal. Canada Tel. 514-737-7575 Fax: 514-737-9726 
Far East Melbourne, Australia Tel: 61-3-560-4566 Fax: 61-3-560-3231 
Latin America Mexico City. Mexico Tel: 52-5-651-7077 Fax- 9-5-583-6223 

Perkin-Elmer PCR reagents are developed and 

Branchburg. New Jersey. U.S.A. 

brkin-Elmwba npmund tndemark o l m e  Perkin-Elmer Corpomtion. AmpliTaq 
h a  npilmnatnd.mar* ol HoUmann-La Roche Ins and E Honmann-La Roshe A.G. 
meGmeAmpPCRpmc~ b m n n d b l U S p . M l a m d 4 M a n n - U R o d l e I n s .  
and E Howmann-La R0cheA.G. 
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neuron in visual area V4 to polar gratings; responses of form analysis during visual information processing. 
ranged from vigorous (red) to none (dark blue). This cell See page 100. nmage: Jack L. Gallant] 
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The CellTiter 96" AQueous Assay is 
colorimetric method for determining the 
number of viable cells in  proliferation o 
chemosensitivity assays. The assay is 
based on the cellular conversion of the 
tetrazolium salt, MTS, into a formazan 
that is soluble in tissue culture medium 
and is measured at 490nm directly from 

scintillation cocktail or radioactive 

Fast - Eliminates solubilization steps 
because MTS formazan is soluble in 
tissue culture medium. 
Fast - Perform the assay in a 96 well 

or solubilization steps. 
Safe - Requires no volatile organic 

Convenient - Supplied as ready-to- 
use stable, frozen sterile solutions 

 flexible - Plates can be read and 
returned to incubator for further color 
development (unlike Ml l ) .  

r ~ o n - ~ a d i ~ a ~ t i ~ e  I Cell 
Proliferation Assay.. . 

1 . . . only fm Prornega. 

~ g l m l  GM-CSF 

Comparison of MTS and 'H-Thymidine Assays 
Using GM-CSF StimuM!on of HT-2 Cells 

- < +  
*. 

I .L 

% .  

To find out more about the 
CellTifier 96 AQueous Assay, 

please call us toU free to request 
Information Packet LF060. 

, , '*", 
a 

Promega Corporation 
' 2800 Woods Hollow Road 

Madison, WI 53711-5399 USA 
Telephone 608-274-4330 . 
Fax 608-273-6967 
Telex 62057092 

800-356-9526 
I 

Fax 800-356-1 970 
or 
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edited bv PHIL SZUROMI 

Crossing the bridge 
During the low sea level stands 
of the Pleistocene, the land mass 
between northeast Asia and Alas- 
ka formed a land bridge; Hoff- 
ecker et al. (p. 46) review arch- 
eological and geochronological 
data which show that this re- 
gion, Beringia, was colonized 
between 12,000 and 11,000 
years ago. Migration appeared 
to be limited by climatic condi- 
tions; the warming that occurred 
during this period made Ber- 
ingia a habitable although still 
a harsh environment. 

Two-dimensional 
polymers 

Synthetic polymers consist of 
long chains that are interwoven 
in three dimensions; Stupp et 
al. (p. 59) have "stitched" to- 
gether self-organized oligomeric 
molecules into two-dimensional 
sheet-like objects. The result- 
ing polymer molecules are sol- 
uble and can form crystals. In a 
Perspective, Thomas (p. 43) dis- 
cusses potential applications in 
areas as varied as tribology and 
second harmonic generation. 

Lower mantle 
oxidation state 

The oxidation state of the lower 
mantle affects its conductivity, 
mineralogy, and chemical equi- 
librium with the metallic iron 
core. One constraint is provided 
by the amount of ferric iron that 
can be accommodated with in- 
creasing pressure in (Fe,Mg)O, 
one likely phase in the lower man- 
tle. McCammon (p. 66) studied 
this relation using the iron end 
member, Fe,O, and amultianvil 
press. The results suggest that 
the ferric iron content of Fe,O 
in equilibrium with metallic iron 
is small and decreases continu- 
ously with pressure until reach- 

Selectively taming arithmetic demons 
If the synthesis of a compound requires a large number of steps, 
reasonably good yields can be quickly whittled down; even at 90 
percent yields, a 12-step reaction gives less than 30 percent overall 
yield. Crispino et al. (p. 64) have executed a stereochemically 
demanding transformation, the complete polyhydroxylation of 
squalene, to yield only one of the 36 possible isomers in high yield 
(>75 percent) after 12 steps. Osmium-catalyzed asymmetric dihy- 
droxylation can be used to add two hydroxyl groups to each double 
bond and form only one stereochemical product. Whereas en- 
zymes tend to perform selective transformations of substrate mol- 
ecules, these catalysts exhaustively react with all of the double 
bonds in the molecule to produce the perhydroxylated product. 

ing a plateau at pressures greater 
than about 10 gigapascals, in 
contrast with earlier data. Be- 
cause conductivity measure- 
ments suggest that the ferric iron 
content of the lower mantle is 
greater than indicated by the 
phase relations, it is unlikely 
that the lower mantle is in equi- 
librium with metallic iron. 

Cochlear model 
The mechanical structures of 
the ear have a broad frequency 
response, yet the response of the 
entire auditory system to stimuli 
is highly tuned. T o  resolve this 
paradox, Hubbard (p. 68) offers 
a model of the cochlea that re- 
sembles in some ways the travel- 
ing-wave amplifiers used in mi- 
crowave applications. The model 
starts from the complicated ana- 
tomical arrangement of the  
sound pathways by viewing 
them as a pair of coupled trans- 
mission lines. Quantitative tests 
of the model yield a frequency 
response that agrees well with 
psychophysical auditory data. 

Nitric acid phases 
and the stratosphere 

Polar stratospheric clouds (PSCs) 
can trap nitric acid, aprocess that 
facilitates stratospheric ozone 

destruction. Worsnop et al. (p. 
71) present thermodynamic data 
which show that the formation . 

of HN03.2H20, which is ameta- 
stable hydrate, may occur more 
readily than the formation of 
HN03.3H20, which is the most 
stable nitric acid hydrate under 
stratospheric conditions. The 
metastable HN03.2H20 phase 
may be critical for nucleating and 
forming type I PSCs. When tem- 
peratures decrease such that wa- 
ter ice clouds (type I1 PSCs) form, 
transfer of HN03.2H20 to these 
particles would form the stable 
HNO3+3H20 phase. 

Heat shock protein 
meets tumor 
suppressor 

How the tumor suppressor pro- 
tein p53 functions to control 
cell proliferation is unknown. 
Agoff et al. (p. 84) find that p53 
represses transcription from the 
growth-regulated human hsp70 
gene. They also find that the p53 
protein interacts with CCAAT 
binding factor (CBF), a factor 
known to stimulate transcrip- 
tion from the hsp70 gene. Thus, 
the repression of the hsp70 pro- 
moter by p53 may be mediated 
by the protein-protein interac- 
tion of p53 and CBF. Such p53- 
transcription factor interactions 
may regulate other genes. 

Tumor regression 
Glioblastomas are the most fre- 
quently occurring brain tumor 
in humans, and there is current- 
ly no effective treatment. Glio- 
ma cells, the malignant glial cells 
comprising these tumors, ex- 
press high amounts of insulin- 
like growth factor I (IGF-I) and, 
when injected into rats, form 
tumors that grow rapidly. Tro- 
jan et al, have shown that glio- 
ma cells that express antisense 
complementary DNA for IGF-I 
did not form tumors in rats. They 
now show (p. 94) that injection 
of such transfected glioma cells 
can cause regression of estab- 
lished tumors formed by non- 
transfected glioma cells and can 
prevent tumor formation when 
the two types of cells are inject- 
edinto the rat at different sites. 
The transfected cells appear to 
trigger a CD8+ lymphocyte re- 
sponse that also acts against the 
nontransfected glioma cells. 

Seeing more than 
straight 

In visual processing, the neu- 
rons that receive the initial sig- 
nals are responsive to simple pat- 
terns, such as arrays of light and 
dark bars that are referred to as 
Cartesian patterns; higher order 
processing (such as recognizing 
faces) occurs further downstream 
in the inferotemporal cortex. 
Gallant et al. (p. xxx) present 
evidence that non-Cartesian 
patterns (polar patterns, such as 
a bull's eye, and hyperbolic pat- 
terns) can be preferentially rec- 
ognized by neurons in the inter- 
mediate processing area V4. In 
macaques, 16 percent of the cells 
tested in this region selectively 
responded to non-Cartesian pat- 
terns. Previous observations and 
theoretical models of visual in- 
formation processing have sug- 
gested the existence of cells re- 
sponding to such stimuli. 
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If therek a way to get around her, we'll help researchers 

find it.With a range of custom DNA services that have become 

second nature to our growing roster of customers. But are 

clearly second to none. 
At National Biosciences, we not only produce DNA of 

the highest quality and purity, we back it up with the most 

comprehensive documentation in the business. All at prices the 

competition only wishes it could match. 

We'll deliver your custom synthesized primers and 

probes within three business days for as low as base: 
With absolutely no set-up charges. We'll even give you a free 

oligonucleotide with your first order. 

For more information, call (800) 747-4362. Or fax us 

Y our order at (800) 369-5118. 
You'd be a fool not to. 

,, MTIONAL BIOSCIEIYCES 
Custom DNA, RNA And Gene Synthesis Services 

*Based on estimated annual usage 
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Light Years Ahead 
in Western Blotting 

Greater sensitivity than any 
other technology - 
results in minutes, 

often seconds! 

For Western blotting applications, ECLTM systems Orders ot magnitude more sensltlve 
are simply the best! - but don't just take our word Results in minutes, often seconds 
for it. After just two years, ECL has become the most . Simple multiple reprobing referenced light-based system, proving it works. 

Hard copy results 
No other system is as sensitive or as fast as ECL. Let ECL Western blotting systems help you get ahead. 

Extensive bibliography - 
the proof that it works VAmersham LIFE SCIENCE 

Amemham International plc Ausualia France Ned&d 
Amersham En and HP7 9NA Sydney (02) 888-2268 Les Uls (1) 69-1828-00 Hertogenbosch (073) 41-85-25 
Tel: 0494 5 4 &  -Y Norway 

Gmt (091) 41-52-80 Braunschwelg (053) 07 2 06-0 GI- (02) 54-63-18 
Cnnada Ibaicp Sweden 
OaknUe (416) 847-1166 Madrid (91) 304-4260 Solna (08) 734-0800 
Dmmvk I ~ Y  UK Wcs 

For further information B i k e d  (45) 82-02-22 Mdan (2) 5097740 Aylcsbury (0296) 395222 
Far East 

contact your local office. J ~ P  USA ~diqp011 Heights 
Hong Kong (852) 802-1288 Tokyo (03) 38-16-6161 IL (800) 323-9750 

ECL, ECL&ce and Amasham are trademarks of Amersham International plc 
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Now, DNA Detection at the Speed of Light. 
Replace radioactive detection with 
the new Phototopem chemilumines- 
cent kits from New England Biolabs 
and get results ... fast. 
For Northern and Southern blotting, 
Thermal cycle DNA sequencing 
and standard DNA sequencing, 
Phototopem beats conventional 
hot detection methods ... cold. 
Phototope detection utilizes 
Lurnigen-PPDQ, streptavidin and 
biotinylated alkaline phosphatase 
and is not only fast and sensitive, 
but also offers a safe, cost-effective 
alternative to radioactivity. 

Circumvent Phototope'" Kit 
Catalog #74M 
Non-radioactive version of New 
England Biolabs' successful 
Circumventm Thermal Cycle DNA 
Sequencing Kit that uses VenP(exo-) 
DNA Polymerase. 
Klenow Phototopem DNA Sequencing Kit 
Catalog #7409 
Incorporates chemiluminescence into 
standard dideo DNA sequencing r, protocols using t e Klenow fragment 
of DNA Polymerase I. 

Lumigen-PPD is a trademark of Lumigen, Inc. 

NEBlot Phototopem Kit 
Catalog #7550 
 ando om primer biotin labelling for 
chemiluminescent Northern and Southern 
blotting and plaque hybridizations. 
Phototopem Detection Kits 
Catalog #7006,70M,7060 
ReagGnts for the chemiluminescent 
detection process. Designed to be used 
in conjunction with NEB'S new Phototopem 
Kits and available in various sizes to suit 
your specific detection needs. 
Give your DNA detection the green light. 
Call1 -8OGNEB-LABS for more information. 

New England Biolabs Inc. 32 Tozer Road, Beverly, MA 01915 USA 1-800-NEB-LABS (US and MA) Tel. (508) 927-5054 Fax (508) 921-1350 
[ j New England Biolabs Ltd., Canada Tel. (800) 387-1095 (416) 672-3370 Fax (416) 672-3414 
I ' New England Biolabs GmbH, Federal Republic of Germany Tel. (06196) 3031 Fax (06196) 83639 -. A 
DISTRIBUTORS: AUSTRALIA GENESEARCH Tel (075) 94 0299 / FINLAND, SWEDEN, DENMARK, FINNZYMES (Finland) Tel (0 )  420-8077 1 
FRANCE OZYME Tel (1 )  30 57 0025 i INDIA BIOTECH INDIA Tel (542) 311473 / ISRAEL GAMIDOR Tel (03) 535-1205 1 ITALY C A M Blo Tel (02) 38103171i 
JAPAN DAllCHl PURE CHEMICALS CO LTD Tel (03) 3272-0671 / KOREA KORAM BIOTECH Tel (02) 556-0311 /THE NETHERLANDS WESTBURG 
Tel (033) 95 00 94 1 NORWAY F HEIDENREICH Tel (02) 22 04 11 / PORTUGAL QUIMIGRANEL Tel (1) 858 15 64 / SPAIN LANDERDIAGNOSTICO 
Tel 1011 594 08 06 i SWITZERLAND FLOW LABORATORIES Tel (061) 4814713 / TAIWAN LONG CHAIN INTERNATIONAL Tel (02) 552-2605 / 
UK CP'LABORATORIES Tel. (0279) 758200 
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Complete the form and return 
with the appropriate fee. 
Students should include a letter 
signed by department head. 
Credit Card Payment 
If you wish to pay for the regis- 
tration fee and diskette cost by 
credit card, complete the 
following: 

Credit Card Company 
(Visa and Mastercard ONLY) 

Credit Card # 

Expiration Date 

Signature 

FASEB 
Office of Scientific Meetings 
Room 3200 
9650 Rockville Pike 
Bethesda, MD 20814-3998 
USA 

Telephone 301 530-70 10 
FAX 301 530-7014 

Experimental Biology 93 - REGISTRATION CARD 
Mail with payment to: Scientific Meetings Office 
9650 Rockville P~ke, Bethesda, MD 20814-3998 

DEADLINE FOR ADVANCE REGISTRATION: FEBRUARY 3,1993 

NAME I I 1 
I I I , I I 

8. Convention Address (Hotel Name) 
Circle every day you will be at meeting: 1. Su 2. Mo 3. Tu 4. We 5. Th SCI-Jan 
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I I I I 
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I I 

I I  ST^ ZIP 

2. CHECK CAREFULLY 3. MEMBERS ONLY 7---p 4. NONMEMBERSISTUDENTS 5. CIRCLE YOUR 
THE INFORMATION REQUESTED C~rcle Soc~et~es ~n Wh~ch C~rcle D~sclpl~ne (one oniyj AFFILIATION 

SCIENTIST (C~rcle one) You Hold Membership I Nearest Your Pro~ess~ona Interest I plrcle my 
M FASEB Soc~ety Member $1 00 Physiology 1 Phys~ology 1 Unlverslty 

R FASEB Ret~red Member $ 40 Blochem a 1 2 Blochem & 
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1 2 NIH 
M Guest Soc~ety Member $100 3 Pharmacology 3 Pharmacology 3 Governmentlother 
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7. 9 Exp 6101 & Med 9 Exp B~o l  & Med 1 IBM 5 1Ir 
$ 25 C B~oelectr~c~ty C Bloelectrlc~ty 
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From A = abC to 

From the simple to the sublime, the NEW 
SLM-AMINCO D E W m  Double Beam W- 
Visible Spectrophotometer will help you solve 
the equation. 

For more complex applications, the DB3500 
has an extra large sample compartment and a 
full range of accessories includmg the 6+6 Cell 
Changer which allows you to control temper- 
ature and monitor up to 10 samples per run. 
Data generated for applications that require 
special routines or post-acquisition data mani- 
pulation may be easily exported to hid-party 
programs or run on a mam program of your 
own design 

Sometimes all you need is a quick absorbance 
measurement to read column fractions or 
check a DNA measumnent. . . our unique 
LCD Instant Display constantly monitors 
absorbance or %T, wavelength, and sample 
temperature and position. Just set the wave- 
length and the DB3500 does the rest. So whether you're doing quick protein con- 

centrations or lengthy kinetics runs, the DB 
3500 offers ease of use, quick scanning, and 
constant information 

Other times you may need to measure small 
absorbance differences in highly absorbing 
samples such as mitochondria1 or cell wall 
suspensions. The simple but efficient optical 
design provides you with plenty of high- 
energy hughpu t .  And you can seled a 
bandwidth to provide higher molution of 
samples with more detailed spectral 
s t r u m .  

display plus superb 
optics, mam pro- SW~II~AMINCO" 
gramming, and sample A Milton Roy Company 
handling flexibility 

To get the complete 810 West Anthony Drive 
story on the D E W ,  Urbana, Illinois USA 
call. Faxorwrite.. . (217) 384-7730 (800) 637-7689 
TODAY. Telex: 206079 FAX: (217) 384-7744 
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B ~ Z N A T L I R E  P O S E S  S O M E   ENORMOUS C H A L L E N G E S  

One of today's greatest challenges to 

life science researchers is the full 

characterization of the carbohydrate 

moieties of glycoproteins. 

The fundamental procedures required 

to characterize protein glycosylation 

- glycan release and profiling - have 

now been automated by Oxford 

GlycoSystems. 

To learn more about how the 

automation of these procedures can 

help your research, cal l  Oxford 

GlycoSystems today for free technical 

and applications literature. 

Tollfree from: 
North America and Canada: 1-800 722 2597 
UK: 0800 212061; Germany: 0130 81 37 48 
France: 0590 86 08; Switzerland: 155 2739 
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Water hazards on a golf course being used to clean the water system 
can cost you a couple of strokes. In a ot into the water used for polyacry 
lab, however, water hazards in the %mide gels, rendering them useless. 
form of ions, pvrogens and organics In each of these cases, when the 
can cost you 'monks of 
research work. 

That's why it's critical 
for you to have a water 
purification system that 
removes contamination 
instead of one that con- 

lab switched to a ~illi-Q@ 
Plus Water Purification 
System, all their problems 

disapI?red. T at's because the 
Milli-Q Plus system delivers 
the hiahest aualitv water 

tributes to it. If you don't, ou could available: 1.5 lit& per hinuk at 18 
end up like one of these Y acilities: megohm and < 10ppb TOC (with 

1. A lab doing protein purification RO pretreatment). 
with HPLC found that endotoxins in its To ensure you're always getting 
water svstem contaminated proteins. hiah aualitv water, the svstem tells 

2 organics in another Iacility's 
water system kept mammalian cells 
from growing in defined medium. 

3. A semiconductor plant testing 
for copper had its chromatographic 
results ruined by contamination in 
their water system. 

4. In yet another lab, phosphates 

you when ;he filte; modile 

n%dchuifk"~iher systemsI 
changing our module is easy. 
Instead of separate ~ s ,  cur 
QPAP puri ication module 
has an all-inane design that 
takes hardly any time to 
Circle No. 25 on Readers' Service 

and prevents you from 
to come in contact with 

Also, because we don't use sep 
arate bowls, the system has virtually 
no holdup volume. This results in 
faster flush-ups, along with reduced 
extractables and bacterial growth. 

To further prevent water degrada- 
tion, the system even recirculates water 
automatically every hour for approxi- 
mately five minutes. 

So beware of less expensive water 
purification systems that claim to do 
as good a job as the Milli-Q Plus sys- 
tem: Thev mav Drove hazardous to 

ydur wbk. 
For additional information 

about the Milli-Q Plus system, 
including a brochure, technical 
bulletins and data sheet, call 
1-800-225-1380. 

MI LLl PORE 



$2.80 per base, 
OPERON'S D M  m&ii€?s 

POSSIBLE. 

THE APPLORANGE THE ZUCCHANA 

~ O U N C I N G  mCE ~ D U C T I o N S  &OM competitive price. We ship our custom-made sequences in 

TIIE WORD'S IEADING SUPPIER OF DNA. two working days, on average. And that includes large 
orders and orders placed late in the day. 

Operon's price reductions present a whole new world So don't let your budget limit your thinking. Call Operon, 
of possibilities. Our custom DNA is now available for just the makes anmpossible. In terms of speed, 
$2.80 per base with a $20 set-up fee per sequence. So you can 

purity, and there are no bases for 
afford to do more experiments and get more results. 

Operon consistently delivers precisely the product you CW 1-800-688-2248 &. IOO TODAY. 
need. On time. With unsurpassed purity. Backed by an 
unconditional guarantee. And, as you can see, at an extremely 

WORLD'S LEADING SUPPLIER OF SYNTHETIC DN 

@ I  993 OPERON TECHNOLOGIES, INC., 1000 ATLANTIC AVENUE, SUITE 108, ALAMEDA, CA 94501. PHONE: 510-865-8644. FAX: 510 865 5255. NIHBPA 263-00033233 
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T O O L S  FOR E X P L O R I N O  C E L L U L A R  I N T E R A C T I O N S  AT T H E  M O L E C U L A R  L E V E L  

THE CAMFOLIO APPROACH 

TO UNDERSTANDING THE COMPLEX 

PHENOMENA OF LEUKOCYTE- 

ENDOTHELIAL INTERACTIONS. 

Begin with the most 

antibodies to human I 
cell adhesion molecules. 

formulated for multiple 

assays, give you the 

flexibility to explore 

multiple pathways of 

interest. Clone-specific 

references and documented 

functionality take the guesswork out of 

experimental design. By letting you define the 

variables, CAMFolio monoclonal antibodies 

give you more control over your research. 

For information on CAMFolio monoclonal 

antibodies relevant to leukocyte-endothelial 

interactions or for a complete catalog of 

CAMFolio monoclonal antibodies, contact 

Becton Dickinson today. 

E L A M - 1  (E-SELECTIN) 

G M P-  1 4 0  (P-SELECTIN) 

ICAM-1  ( C D 5 4 )  

INTEQRIN a4 N L A - 4 )  

L E C A M - 1  (L-SELECTIN) 

LFA-I a t c ~ i  1 A) 

LFA-1 P ( C D l e )  

MAC-1 ( C D l l B )  

SIALYL-LE~ 

V C A M - 1  

Becton Dickinson 
Advanced Cellular Biology 
2350 Qume Drive 
San Jose, CA 95131-1807 
Ordering (800) 223-8226 
Customer Suppon (800) 9523222 
Fax (408) 954-2009 

Becton Dickinson Canada. Inc. 
(416) 822-4820 
Fax (416) 855-1243 

Becton Dickinson 
European H a  
Erembodegem-Aalst. Belgium 
(32) 53-72021 1 
Fax (32) 53-720450 

Nippon Becton Dickinson 
Company, Ltd. 
Tokyo, Japan 
(81) 334039991 
Fax (81) 3-3403-5008 

Becton Dickinson Worldwide Inc. 
Singapore 
(65) 861 -0633 
Fax (65) 860-1590 

CAMFoli is a trademark of 
Becton Dickinson and Company. 



Science is a weekly, peer-reviewed journal 
with offices in Washington, D.C., and Cam- 
bridge, U.K., that publishes research in every 
field of scientific endeavor. Submitted manu- 
scripts should be intelligible to readers in a 
variety of disciplines and should be brief and 
clearly written. 

The guidelines below describe our manu- 
script selection, review, and publicationproc- 
ess. Please follow these guidelines in prepar- 
ing your manuscript to ensure speedy han- 
dling by our editorial offices. 

Categories of Signed Papers 
General Articles (3000 to 5000 words or 
three to five printed pages) are expected to 
review new developments in one field that 
will be of interest to readers in other fields; 
describe a current research problem or a 
technique of interdisciplinary significance; 
or discuss some aspect of the history, logic, 
policy, or administration of science. Readers 
should be able to learn from a general article 
what has been firmly established and what 
are unresolved questions or future directions. 
Many general articles are solicited by the 
editor, but unsolicited articles are welcome. 
Both solicited and unsolicited articles un- 
dergo review. 

General articles should include a note 
giving the authors' names, titles, and ad- 
dresses; an  abstract (50 to 100 words); an  
introduction that outlines for the general 
reader the main point of the article; and brief 
subheadings to indicate the main ideas. The 
reference list should not be exhaustive: a 
maximum of 50 references is suggested. 

Research Articles (up to 4000 words or 
four printed pages) are expected to contain 
new data representing a major breakthrough 
in a field. The article should include an 
author note, abstract, introduction, and sec- 
tions with brief subheadings. A rnaxirnum of 
40 references is suggested. 

Figures and tables together with their legends 
should occupy about one printed page for Gen- 
eral Articles and Research Articles. 

Reports (up to 2500 words or three printed 
pages) are expected to contain important 
research results. Addresses for all authors 
should be listed on the title page and the 
corresponding author should be indicated by 
an asterisk. Reports should include an ab- 
stract (no more than 100 words) and an 
introductory paragraph. A maximum of 30 
references is suggested. Figures and tables to- 
gether with their legends should occupy no more 
than one of the pages. 

Policy Forum provides a platform for 
scientists to present in-depth discussions of 
policy issues relevant to science. Whenever 
possible, Policy Forums representing oppos- 
ing sides are presented in the same issue of 
Science. 

Perspectives analyze recent advances in 
fast-breaking fields and express opinions as 
to the impact the developments will have on 
future research. Perspectives should be either 
one or two published pages. 

Letters are selected for their pertinence to 
rnaterial published in Science or because they 
discuss problems of general interest to scien- 
tists. Letters about rnaterial published in Sci- 
ence may correct errors, provide support or 
agreement, or offer different points of view, 
clarifications, or additional information. Per- 
sonal remarks about an author are inappro- 
priate. Letters may be reviewed by outside 
consultants. Letters selected for ~ublication 
are intended to reflect the range of opinions 
received. The author of the paper in question 
is usually given an opportunity to reply. 

All letters are acknowledged by postcard; 
authors are notified if their letters are to be 
published. Preference is given to short letters 
(250-500 words). Letters accepted for publi- 
cation are frequently edited and shortened in 
consultation with the author. 

Technical Comments (up to 500 words) 
may criticize articles or reports published in 
Science within the previous 6 months or may 
offer useful additional information. Minor is- 
sues should be resolved by private correspon- 
dence. The authors of the original paper are 
asked for an opinion of the comment and are 
given an opportunity to reply in the same issue 
if the comment is published. Comments and 
re~lies are subiect to the usual reviewing and - 
editing procedures. Priority disputes may un- 
dergo extensive review and are published only 
when action is recommended. 

Book and Software Review selections 
are made by the editors. Instructions and 
length specifications accompany items to be 
reviewed when they are sent to the review- 
ers, who are chosen by the editors. 

Manuscript Preparation 
Use double-spacing throughout the text, 
tables, figure legends, and references and 
notes, and leave margins of at least 2.5 centi- 
meters. Put your name on each page and 
number the pages starting with the title page. 

Titles and subheadings should be de- 
scriptive clauses, not complete sentences or 
questions. The maximum length is 76 char- 

acters and spaces for general articles, and 76 
to 114 characters and spaces for research 
articles and reports. 

Abstracts should exolain to the general - 
reader why the research was undertaken and 
whv the results should be viewed as irnuortant. 
~ h k  abstract should convey the pape>s main 
~ o i n t  and outline the results or conclusions. 

Text. A brief introduction describing the 
paper's significance should be intelligible to 
readers in different disciplines. Technical 
terms should be defined. All tables and fig- 
ures should be cited in numerical order. 

Fieures and tables should be submitted - 
on separate pages from the text. For each 
figure submit three high-quality prints, laser 
prints, or original drawings no larger than 22 
by 28 centimeters (8 '/2 by 11 inches). O n  the 
back of every figure write the first author's 
name and the figure number and indicate the 
correct orientation. 

Photocopies of figures are not acceptable; 
transparencies, slides, or negatives cannot be 
used because they cannot be sent to review- 
ers. Pawers that include a laree number of 
figures or tables and a small amount of text 
may present layout problems. In preparing 
the manuscript, try to maintain a balance 
between text length and illustrations. - 

O n  acceptance of a paper, authors re- 
questing the use of color will be asked to pay 
$600 for the first color figure or figure part 
and $300 for each additional figure or figure 
part to help defray the cost of obtaining color 
separations. There will be an additional 
charge for color figures in the reprints. 

Cover illustration suggestions may be 
included with the manuscript. Submit prints, 
not slides, negatives, or transparencies. After 
an image is chosen for use on the cover, a 
positive transparency will be required. 

Informed consent. Investigations on hu- 
mans must include a statement indicating 
that informed consent was obtained after the 
nature and possible consequences of the stud- 
ies were explained. 

Animal welfare. Authors using experi- 
mental animals must include a statement 
that their care was in accordance with insti- 
tutional guidelines. For animals subjected to 
invasive procedures, include the anesthetic, 
analgesic, and tranquilizing agents used, as 
well as the amounts and frequency of admin- 
istration. 

Uncertainties and reproducibility. Evi- 
dence that the results are reproducible and 
the conditions under which this reproduc- 

Inquiries to the European office 
should be directed to 

Richard B. Gallagher, Thomas House, 
George IV St., Cambridge CB2 1 NH, UK 
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ibility (replication) was obtained should be 
explicitly stated. The effect of limitations in 
experimental conditions on generalizability 
of results should be discussed. Uncertainties 
should be stated in terms of variation ex- 
pected in independent repetitions of the 
experiments; they should include an  allow- 
ance for possible systematic error arising 
from inadequacies in the assumed model and 
other known sources of uossible bias. Prob- 
abilities from statistical tests of significance 
should not replace the reporting of results 
and associated uncertainties. 

Permissions to rearint illustrations or 
tables from other publications must be ob- 
tained in writine bv the author. The written - ,  
permission must include complete citation 
from the copyright owner (usually the pub- 
lisher) to reprint such illustrations in Science. 
P a ~ e r s  are not sent to the minter until c o ~ i e s  
of all permission letters have been received. 

Copyright law requires that we obtain 
copyright transfer from authors of each paper 
published in Science. Copyright forms are 
sent to all authors prior to acceptance and 
must be signed and returned to the Washing- 
ton, D.C., editorial office immediately. U.S. 
government employees sign the section of 
the form stating exemption from copyright 
laws. Alterations to or substitutions for our 
form are not acceptable. 

Manuscript Review and Selection 
Before being reviewed in depth, most papers 
are rated for their interest and overall suitabil- 
ity by a member of the Board of Reviewing 
Editors. Pauers submitted in disciulines for 
which there is no appropriate rnernber of the 
Board of Reviewing Editors may be screened 
by editorial staff in consultation with outside 
experts. Papers that are not highly rated are 
mailed back to the authors within about 2 
weeks; the title page and abstract from one 
copy are retained for our files. 

Approximately 35% of submitted papers 
are reviewed in depth by two or more outside 
referees. Reviewers are telephoned prior to 
being sent a paper and are expected to de- 
cline to review if they are not qualified or 
there is a possible conflict of interest. Re- 
viewers are expected to return their com- 
ments within 2 weeks and are instructed that 
the manuscript is a privileged document that 
is not to be disseminated or exploited. It is 
the policy of Science that reviewers are kept 
anonymous. 

During the review process, the author 
may be required to submit to  Science any 
computer programs by which the results 
presented in the manuscript were obtained 
if such programs are essential to replicating 
the data and are requested by a reviewer or 
editor. 

When the review process is complete, the 
manuscript and reviewers' cornrnents are dis- 
cussed by the editors at a weekly meeting. 

Checklist for Submission 
Manuscripts should be addressed to the Editor, Science, 1333 I-I Street, NW,  Washing- 
ton, DC 20005, or to thc senior editor, European officc, at Thomas House, George IV 
St., Cambridge CB2 lNH,  UK. Submit four copies together with a letter giving 

W the names and telephone numbers of the authors. 
W the title of the paper and a statement of its main point. 

the names, addresses, telephone numbers, and fields of interest of four to six 
persons outside your institution who are qualified to referee the paper. Also, 
please include any information needed to ensure a fair review process and to avoid 
potential conflicts of interest. 

W the naincs of colleagues who have reviewed the paper. 
the total number of words (including text, references, and figure and table 
legends) in the manuscript. 

W a statement that the material has not been published and is not under consider- 
ation for publication elsewhere. 

Also include with your manuscript: 

w any paper of yours that is in press or under consideration elsewhere and includes 
information that would be helpful in evaluating the work submitted to Science. 
written pertnissioi~ from any author whose work is cited as a personal communica- 
tion, unpublished work, or work in press but is not an author of your manuscript. 
for manuscripts based on crystallographic data, two copics of the coordinates. 

w any information about the authors' professional and financial affiliations that 
inay be perceived to have biased the prescntation. 

By submitting a manuscript, an author accepts the responsibility that all those 
listed as authors of a work have agreed to be so listed, have seen and approved the 
manuscript, and are responsible for its content, 

Manuscripts are evaluated in terms of their 
technical merit as well as their merit in 
relation to other papers that are under con- 
sideration. 

In selecting papers for publication, the 
editors give preference to those of novelty 
and general significance that are well writ- 
ten, well organized, and intelligible to scien- 
tists in different disciplines. A n  attempt is 
made to balance the subject matter in all 
sections of Science. Membership in the AAAS 
is not a factor in selection. 

Authors are notified of acceptance, rejec- 
tion, or need for revision, usually within 8 to 
10 weeks. Accepted papers are edited to 
improve accuracy and clarity and to bring 
them within the specified length limits. 

Papers cannot be resubmitted over a dis- 
agreement on interest level or relative merit. 
If the author can demonstrate that a paper 
was rejected on the basis of serious reviewer 
error, resubmission will be considered. 

Conditions of Acceptance 
When a paper is accepted for publication in 
Science, it is understood that 

any materials and methods necessary 
to verify the conclusions of the experiments 
reported will be made available to other 
investigators under appropriate conditions. 

archival data sets (such as sequence 

and crystallographic data) will be offered for 
deposit to the appropriate data bank and the 
identifier code will be sent to  Science for 
inclusion in the published manuscript (coor- 
dinates should be released no later than 1 
year after publication). 

the author or authors agree to transfer 
copyright of the paper to Science; and the 
paper will remain a privileged document and 
will not be released to the press or the public 
before publication. 

if there is a need in exce~tional  cases 
to publicize data in advance of publication, 
the AAAS Office of Communications (202- 
326-6440) must be consulted. 

Authors may provide a copy of their manu- 
script on disc upon acceptance. Specific in- 
structions will be provided when the  
rnanuscipt is returned for revision. 

Printing and Publication 
Proofs and reprints. One  set of proofs and an 
order blank for reprints are sent to the au- 
thors. All corrections should be marked on 
the author proof. 

Scheduling. Papers are scheduled for pub- 
lication after Science has received corrected 
proofs. Papers with tables or figures that 
present problems in layout, or with cover 
pictures, or that exceed the length limits may 
be subject to delay. 
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Acknowledgments, including funding infor- 
mation, should be gathered into a brief state- 
ment at the end of the references and notes 
and will be edited to conform to Science style. 

Equations and formulas should be typed 
with quadruple-spacing if they are to be set 
off from the text. Define all svrnbols and 
number all equations. 

Figures. Most figures will be printed at a 
width of 5.9 cm (2.3 inches or 1 column) or 
12.2 cm (4.8 inches or 2 columns). Some 
illustrations (for example, bar graphs, simple 
line graphs, and gels) may be reduced to a 
smaller width. Symbols and lettering should be 
large enough to be legible after reduction. 
Composite figures should be labeled A, B,C,. . . . 
If mounting is necessarv. use cardboard. 

~ e ~ e n d ~ s h o u l d  be typed double-spaced in 
numerical order on a separate page. No single 
legend should be longer than one page. No- 
menclature, abbreviations, svmbols. and units . , 
used in a figure should match those used in the 
text. The figure title should be given as the first 
line of the legend. 

Line drawings should be labeled on the 
ordinate and abscissa with the parameter or 
variable being measured, the units of mea- 
sure, and the scale. Scales with large or small 
numbers should be presented as powers of 10. 
Definitions of symbols should usually appear 
in the figure legend and not in the figure. 
Simple symbols (circles, squares, triangles, 
and diamonds, solid or open) will best sur- 
vive reduction. 

Recommended symbols at the size they 
should appear after reduction: 

Avoid the use of light lines, shading, and 
stippling. Use heavy lines or boxes for empha- 
sizing or marking off areas of the figure, and 
use black, white, hatched, and cross-hatched 
designs in place of stippling in bar graphs and 
ball-and-stick molecular models. Authors us- 
ing computer graphics should choose screens 
between 20 and 60%. 

Halftones, such as electron micrographs, 
should be submitted as high-quality prints or 
originals (do not send irreplaceable artwork). 
If possible, use scale bars in place of, or in 
addition to, magnifications. In gels, the lanes 
should be numbered and identified by nurn- 
ber in the figure legend. 

For color art please provide a positive 
slide, if possible, and a print or laser proof. 
Indicate positioning, lettering, and cropping 
limits on the print. For composite figures, 
send the original composite board rather 
than a print if the quality of the original is 
much better than that of the print. Do not 

send irreplaceable artwork. 
Lettering in Helvetica font is preferable. 

Use boldface type for axis labels and for the 
labels A, B, C,. . . in composite figures; use 
italic type only as it would be used in the text 
(for example, for variables and genes). The 
first letter of each entry should be uppercase; 
otherwise, use uppercase letters as they would 
be used in the text (for example, for acro- 
nyms). Avoid wide variation in type size 
within a single figure. In the printed version 
of the figure, letters should be about 7 point 
(2 mm) high. 

Sequences may be reduced considerably 
so make sure the typeface in the original is 
clear. There should be about 130 characters 
(including spaces) per line for a sequence 
occupying the full width of the printed page 
and about 84 characters per line for a se- 
quence occupying two columns. 

References and notes are numbered in 
the order in which they are cited, first through 
the text and then through the table and 
figure legends. List a reference only one time. 
References that are always cited together 
may be grouped under a single number. Ref- 
erence to unpublished data should be given a 
number in the text and placed, in correct 
sequence, in the references and notes. Use 
conventional abbreviations for well-known 
journals; provide complete titles for other 
journals. Do not use op. cit. See "Science 
Reference Style" (at right) for examples. 

Symbols, abbreviations, and acronyms 
should be defined the first time they are used. 

Tables should supplement, not duplicate, 
the text. They should be numbered in the 
order of their citation in the text. Each table 
should be generated on a separate page with 
its leeend double-s~aced above the table. " 
The first sentence of the legend should be a 
brief descri~tive title. Three horizontal lines 
are used in tables: at the top and bottom of 
the table and between the column headings 
and the table body. Vertical lines are not 
used between the columns. 

Every vertical column should have a head- 
ing consisting of a title with the unit of mea- 
sure in parentheses. Units should not change 
within a column. Centered headings of the 
body of the table can be used to Geak the 
entries into groups. (See the section on letter- 
ing for use of italic type and uppercase letters.) 

Footnotes should contain information rel- 
evant to specific entries or parts of the table. 
The sequence of symbols for footnotes is 

*, T, $, 5,  1 1 ,  TI, #, **, T t ,  $'F, .... 
Units of measure are given in metric. If 

measurements were made in English units, 
give metric equivalents. 

Science 
Reference Style 

Journals 
1.  I. N.  Tang, Atmos. Environ. 14, 819 (1980). 

[one author] 
2. J .  C. Smith and M. Field, Proc. Natl. Acad. Sci. 

U.S.A. 51, 930 (1964). 
3. J. C. Cheeseborough I l l ,  S.Trajmar, J.-T. Yang, 

E M 9 0  J., in press. [three to five authors] 
4. G .  Sunshine et ab, Lancet i, 71 1 (1 975). [more 

than five authors] 
5. M. Schmidt, Sci Am.251,58 (November 1984). 

bournal paginated by issue] 
6. J. Brown, ibid., p. 67. 

Technical reports 
1. D. E .  Shaw, TechnicalReportNo. CUCS-29-82 

(Columbia University, New York,I 982). 
2 .  F. Press, " A  report on the computational needs 

for physics" (National Science Foundation, 
Washington, DC, 1981). [unpublished or ac- 
cess by title] 

3. "Assessment of the carcinogenicity and muta- 
genicity of chemicals," WHO Tech. Rep. Ser. 
No. 546 (1 974). 

Proceedings 
1.  Proceedings of the Fifth IEEE Pulsed Power 

Conference, Arlington, VA, inclusive dates of 
meeting (publisher, publisher's location, year). 

2. Proc. IEEE 88, 452 (1 968). 
3. Title of symposium published as a book, spon- 

soring organization, location of meeting, dates 
(publisher, location, year). 

Paper presented at a meeting 
(not published) 

1.  M. Konishi, paper presented at the 14th Annual 
Meeting of the Society for Neuroscience, Ana- 
heim, CA, 10 October 1984. [Sponsoring orga- 
nization should be mentioned if it is not part of 
the meeting name.] 

Theses and unpublished 
material 

1. B. Smith, thesis, Georgetown University (1973). 
2. J.A. Norton, unpublished material. 

B ~ o k s  
1. A. M. Lister, Fundamentals of Operating Sys- 

tems (Springer-Verlag, New York, ed. 3,1984), 
pp. 7-1 1.  [third edition] 

2. J. B. Carroll, Ed., Language, Thought and 
Reality: Selected Writings of Benjamin Lee 
Whoif(MIT Press, Cambridge, MA, 1956). 

3. R. Davis and J. King, in Machine Intelligence, 
E .  Acock and D. Michie, Eds. (Wiley, New 
York, 1976), vol. 8 ,  chap. 3. 

4. D. Curtis et aL, in Clinical Neurology of Devel- 
opment, B. Walters, Ed. (Oxford Univ. Press, 
NewYork, 1983), pp. 60-73. [etal. = more than 
five authors1 

5. F. R. Sabier, 'Contributions to ~ m b r y o l o ~ ~ ( ~ u b l .  
18, Carnegie Institution of Washington, Wash- 
ington, DC, 1917), p. 61. 

6 .  Principles and Procedures for Evaluating the 
Toxicity of Household Substances (National 
Academy of Sciences, Washington, DC, 1977). 
[organization as author and publisher] 
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When It Comes to 
Research Information, 

You work hard to locate relevant research 
information published in international life sci- 
ence literature. Why not let B-I-T-S (BIOSIS 
Information Transfer  System) do the work for 
you? B-I-T-S selects the biological and bio- 
medical information that meets your research 
needs! 

Delivered to you monthly on a floppy disk, 
your B-I-T-S references are derived from the 
comprehensive BIOSIS Previews" database 
using your personal search profile. Best of all, 
B-I-T-S is economical - you pay only for the 
number of references you receive. 

Let B-I-T-S help you find the life science 
information you need! For a free, no obligation 
estimate on your B-I-T-S profile, or for more 
information.. . 

Call Today! 
1-800-523-4806 (USA except PA) 
(2 15) 587-4800 (worldwide) 

BIOSIS, Marketing Department S193BT, 
2100 Arch Street, Philadelphia, PA 19103- 
1399 USA; Fax (215) 387-2016; Internet: 
BIOSIS@Al.RELAY.UPPENN.EDU, 

Information for Today's Decisions and Discoveries 
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science ... with laughter! 
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