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Science COVER A carpel-bearing stem of a Jurassic angiosperm (enlarged 
about 5.5 times), Archaefructus gen. nov., from the lower Yixian 
Formation near Beipiao, Liaoning Province, northeast China. Carpels 
enclosing ovules define the angiosperms and are preserved in this 
fossil.The age of this fossil pushes back the origins of angiosperms by 
about 20 million years. [Photo: David Dilcher and Ce Sun] 
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The new standard in 
protein purification. 

@ 
or years, FPLC has been making history as the 
tandard in lab-scale protein purification. 

Now, we are set to make history all over a 
A K T A F P L C @ ~ ~ ~ ~ ~  it easier than ever for 
t o  achieve the most accurate, reliable result 
lab-scale protein puriication. 

For a start, the ergonomic, compact design of 
AKTAFPLC makes it more versatile and easy to  work 
with. Its unique, integral rack is fully adjustable 
t o  accommodate a wide variety of configurations 
for different purposes. 

AKTAFPLC features the same proven pump 
ethnology that you'll find in its famous sister 
ystem. But now it has twice the throughplrt 

And with the pre-programmed templates 
A UNICORN@ 3.0 for Windows N T  control 

software, you'll spend even less time setting up 
your experiment. Just select your options from A 
the graphical interface, and do it 

What could be simpler o r  more 
efficient? AKTAFPLC means fast, reliable 
esutts, time after time after time (there 
gain, some things never change). 

For more information about 
AKTAFPLc and other systems within the 
AKTAdesign platform please call us 
at: + 1 (800) 526-3593 in the USA; 
-8 l (0)3 3492 6949 in Japan; 
-46 18 16 50 1 I in Europe and the 
est o f  the world. O r  visit us on the 
Veb: www.apbiotech.com/akta 

PLC makes history. It is the world's most widely- 
sed and cited purification system. It is the only 
ystem of its kind to be selectea' for display in 
he Science Museum, London. 

1. . 
. , .  . . .  
. ,. 

r' - 

7 

" .  

amersham pharmacia biotech 
Circle No. 52 on Readers' Sn~ice Card 



Volume VIII. .  . No. 4 A Bulletin of Technological Advance in  Molecular Biology Winter 1998 

AMPLIFY GC-RICH I DyNAzy me EXT Polymerase 
TEMPLATES WITH EASE I Exhibits Extraordinarv Fidelitv - 
ENZYME BLASTS THROUGH G y n ~ m e c r l  

SECONDARY STRUCTURES r m f l i b q "  BROAD TOLERANCE 

nealing andlor DNA synthesis, and thus they 
inhibit PCR and other amplification reactions. 

DyNAzyme EXT is a particularly capable 
enzyme mix for driving amplification reac- 
tions in these tough circumstances. But some- 
times, even EXT isn't enough. Fortunately, 
the enzyme is also tolerant of extra additives. 

Often special "helping" solutions are em- 
ployed to change the melting characteristics of 

DNA and thus mini- 
mize the effects of 
secondary structure. 

Some templates are difficult to amplify be- 
cause they are GC-rich or contain long comple- Vent" 

I 

mentary areas that easily form loops. These 
Deep Vent" secondary structures can prevent primer an- 

Get the Best of Both Worlds- 
Accuracy & Robust Reactions 

FOR VARYING REAC- 
TION CONDITIONS 

I Expand HF" 

Expand L T "  1 

WATERTOWN. Mass - Since the sprlng 
of 1998. MJ RESEARCH has distributed the 
PCR-l~censed DNA polqmerases made by 
Flnnz! mes 0 4  of Finland These enz! mes ha\ e 

OD(450), lower signal means higher accuracy 

Fidelity Assayed in their origin in the thermophile T. brockiiinus. 
and they exhibit many superior properties to 
Taq polymerase in driving PCR reactions (es- 
pecially in thermal stability and yield). 

However. one question that was frequently 
asked is."What'sthefidelitycompared to Trig?" 
Unfortunately. determining error rates is very 
laborious and condition dependent, and mak- 
ing comparisons among enLymes is not easily 
done. But now solid data exists-and the 

These additives may 
be DMSO, forma- 1 Actual PCR Reactions 
mide, glycerol, be- 
taine, etc. EXT was 
tested alongside of 
two market-leading 
enzymes with and 

The data above represent relative fidelity 
among a number of polymerases. It was col- 
lected using the immobilized mismatch bind- 
ing protein method (IMRP).. This technique. 
which detects errors through the binding of a without their propri- 

, , etary helping solu- 
PCR on TGF-B~ 1 .gkb tions. The result? 
reglon (69% GC-rich) Just look at the gel- 

# I  ' - a  t a q . # 2 " ~  taq+sol. DyNAzyme EXT 
#3 " C  taq. #4 "C" faq+sol. with S'ji, DMSO (an 

#5 EXT,  EXT+5% ordinary lab reagent) 

repair protein. does not yield absolute numbers 
for error rates, hut i t  is extremely effective in 
showing relative performance. I t  assays accu- 
racy during actual PCR hy measuring the num- 
ber of accumulated errors in the final product, 
and it is able to detect almost a11 common mic- 

results are so good, the Finns insisted on re- 
peating the experiments over and over again. 

The assay used was IMBP (.see U ( . ( . ~ I ? Z ~ O I I ~ -  

ing article), and DyNAzyme EXT* was par- 
ticularly outstand~ng In its fidelity characteris- 
tics. EXT is a cocktail with a small amount of 
proofreading enzyme, and it is great for long 
PCR. high-fidelity TA cloning, and difficult 
tcmplates. Yet in this fidelity assay, it per- 
formed as well or better than every other poly- 

was si~nificantly more effective in arnplif4n.g a I takes. For more info, see www.genecheck.com. 
(j9cji, &-rich template than either .". ,~cIc~ I< a I~.,,I 11 1 9 ~ 1 ~  ,I,,. ,,,, ,J/ ,,,~~,~~,i,;,.,i,,~,,,,,,,i~ in I ~ ~ ~ ~ . I ~ , ~ ~  

~I , ,> !c$ ,~ / , v  ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ / I ' ( ' K / ~ ~ l ~ i r r ~  1,) "I'CK Wcthml \  %f .~~~u .~ l ,  
peting enLymes with their proprietary I,,,,, M (;cII.,,J D 1 ~ d \ .  I n  plcrr  

384-well Format Comes Into Its Own merasc tested-including proofreading cnzy mcs 
considered to be the "gold standards" of accu- 
racy! Rut unlike those en7ymes. EXT has the 
finesse to amplify templates as long as 40kb. 
the versatility to amplify templates that are 

Plates Now Flatter & Bar Coded 

MJ Research has been involved in the devel- 
opment of the 384-well format since 199.3. In 
fact. the V-well design generally used in ther- 
mal cycling was developed by MJ engineers. It 
is a true4x96-well conl'iguration, which allows 
use of the same dispensingharvcsting equip- 
ment as with90 wcIIs(thc frame is.ju>t shifted). 

'l'hc newly irnproved Microseal 384 plate 
features a rigid. robot-friendly design with an 
industry-standard footprint and locator holes 
for secure handling. The flatter upper surface 
provides morc reliable automated liquid dis- 
pensing, and the plates arc much less likely to 
stick in the block after cycling. Serialized bar 
code lahels (code39) are a new. low-cost option. 

high in GC content, as well as the robustness to 
withstand widely varying reaction conditions. 

All D y N A ~ y m c  enLymcs come licensed by 
Hoffmann-1.aRoche to perform PCR reactions 
in research.** D y N A ~ y m e  is available as 
native enzyme, recombinant enlymc, or as the 
EXT cocktail. All arc available separately or 
in kits, and they come with a variety o f  buffers. 

384-well plates of polypropylene plastic, now 
much improved for automated appl~cat~ons WEB: WWW.MJR.CO.\i WU?\.'.I;INNZY.MES.t'l 

'I X I  Ilrr.#l\ed anlder IIS P.II 5 I i h  I I V u n r ~ r r l  hy T.IKIRJ Shu,,r (',r I ri l 

" I'ur~h.t\t'ol l j ) N A / i m ~  PO~~IIICI.I\C I \  . ~ c < o m l u n l ~ d  h! i 18mllcd l l~ i .11,~ 
10 u \ r  11 811 1 1 1 ~  I'<,lymcr.t\c Ch.31n K~..lilmn (I 'CKt p n > r c v  tor rc \c i rch  nn 
r , r r ~ l a r ~ c l # r ~ r ~  u ~ l h  J lhl.rnn.ll L)LIC~ nlnci\c II\C c i l  ~ h c  auli>rnliii.d p ~ r l c > r r n a n ~ ~ .  
01 111~ I'( I< plurc\\ ncu re r rd  by ~h r .  o p  lr,rmkl l lrcrlrc t r c  c l lh r r  h) p .< i r i i r r l l  
10 I'CI h ~ o  I lmcr ur  '8, ~ p u ~ c l u ~ c d  8 c . ~ r >  . ~ u r l ~ ~ ~ r ~ , c ~ l  ~ h c r m ~ l  L ! ~ l c r  
l l.#lle~l>.#~l\ hllll>llc.l,l "l l%.rl#n I I8nrrl V ,n l "  I ) ~ v ~ ~ \ c n l  ' I \<* ts~l,lodH~ul.xt~r 
I xp.~#~,l 111 1 \(>.10,1 1 I IBOCI~IIII~CI ~I.$#I#IIICIIIII 1 .11.3r.1 I A - ( l . < l . $ r . %  S/~II,LIJ 

Circle No. 4 on Readers' Service Card 

- 
%iunufucturer of Products for Moleculur HioLogy 

149 Grove S t . .  Watertown, MA 02472 U S A  

(888) 729-2164 F a x  (617) 923-8080 



PERIODIC TABLE IN THE SKY 
Despite the key role that aerosols play in 
ozone destruction and global cooling, 
most measurements have been performed 
on retrieved samples, which can become 
contaminated or can undergo aggrega- 
tion. Murphy et a1 (p. 1664) report in situ 
aerosol data from measurements aboard 
research aircraft that span the tropo- 
sphere and stratosphere at altitudes be- 
tween 5 and 19 kilometers. More than 
28,000 individual particles were charac- 
terized in terms of their size and chemical 
composition. At least 45 different ele- 
ments are present in these particles, in- 
cluding meteoritic material and mercury 
in stratospheric aerosol and organic mate- 
rial in tropospheric aerosol. Such mea- 
surements may allow the origins of par- 
ticular types of aerosols to  be traced. 

HUMAN INFLUENCE ON CLIMATE 
Efforts have been made t o  identify the 
human influence on climate during the 
20th century, but controversy persists 
whether natural variability and anthro- 
pogenic forcing have been attributed ade- 
quately in these studies. Wigley et al. (p. 
1676) analyze the auto- and cross-correla- 
tion structure of hemispheric mean tem- 
perature from observations and from sev- 
eral different climate model simulations. 
They show that significant external forcing 
exists that cannot be attributed purely to  
solar forcing but rather to a combination of 
solar and anthropogenic forcing. The study 
provides strong evidence for significant an- 
thropogenic forcing on global climate. 

LOW-DIELECTRIC MIRRORS 
Metals make fine mirrors in many wave- 
length ranges, but for certain applications 
low-dielectric materials may be preferred. 
Fink et al. (p. 1679) show theoretically 
that stacking alternating layers of materi- 
als with different dielectric constants can 
produce materials that are reflectors over 
a particular range of wavelengths, and 
they demonstrate high reflectivity for 
wavelengths from 10 to  15 micrometers 
with a material made from alternating 
layers of polystyrene and tellurium. This 
approach opens up the possibility of tun- 
ing the wavelength range of coatings for 
transparency and reflectivity. 

QUANTUM INTERFERENCE OF 
ATOMIC TUNNEL ARRAYS 

Atoms can be cooled and trapped to  a frac- 
tion of a degree above absolute zero t o  
form an unusual state of matter, a Bose- 

Einstein condensate (BEC). Manipulation of 
the BEC can allow quantum effects to  be 
observed macroscopically. Anderson and 
Kasevich (p. 1686; see the Perspective by 
Burnett) allowed a rubidium BEC to  fall 
gravitationally through a periodic array of 
laser traps (standing waves). The trapped 
atoms tunnel coherently through all of 
these potential wells created by the laser 
standing waves at the same time. The in- 
terference, of the tunneling atoms mani- 
fests itself as a train of phase-coherent 
atomic pulses. This behavior is effectively 
that of a mode-locked atom laser. 

J 
1683) show that by performing an ex- 
isting synthetic protocol i n  a chiral 
nematic liquid crystal environment, 
polyacetylene films form that contain 
helical fibrils consisting of bundles of 
acetylene chains. Iodine doping led t o  
high conductivities. These helical 
structures may f ind application as 
electrically conducting molecular 
wires and may also have interesting 
magnetic and optical properties. 

EARLY BLOOMERS 
The origination of angiosperms (flowering 
plants) impacted the evolution of insects 
and other animals and greatly affected 
Earth's climate (particularly the C 0 2  
budget). Angiosperms have typically 
been thought to  have arisen in the Cre- 
taceous, but Sun et al. (p. 1692; see the 
cover and the Perspective by Crepet) 
now describe an angiosperm from proba- 
ble Jurassic rocks in China that may ex- 
tend their origins back several tens of 
millions of years. 

HIV- 1 REVERSE TRANSCRIPTASE 
IN ACTION 

The reverse transcriptase (RT) enzyme of 
HIV-1 (human immunodeficiency virus-I) 
copies the viral genome into DNA that can 
then be integrated into the host cell's 
genome.Although inhibitors of the RT have 
been a prime target for antiviral therapy, 
mutations confer resistance to  the RT in- 
hibitors currently in use. Huang et al. (p. 
1669; see the news story by Balter) present 
the crystal structure of HIV-1 RT in com- 
plex with both the double-stranded DNA 
template-primer and the deoxynucleoside 
triphosphate substrate. The enzyme does 
not specifically register t o  the double- 
stranded DNA, which often leads to poor 
crystallization; this problem was overcome 
by covalently linking the DNA to  RT. The 
active site structure suggests how muta- 
tions can reduce sensitivity t o  inhibitors 
and cause cross-resistance. 

THE FALL AND RISE OF THE 
PRAIRIE CHICKEN 

Understanding the consequences of small 
population size is essential for conserving 
biodiversity. Westemeier et al. (p. 1695; 
see the Perspective by Soul6 and Mills) 
chart the decline of a once common grass- 
land bird o f  the midwestern United 
States-the greater prairie chicken-by 
demonstrating the links between small 
population size, isolation, fitness loss, and 
decreased genetic variation. They also re- 
port the probable saving of the population 
by supplementing their numbers from 
large, genetically diverse populations. 

CLOSING THE CYCLE 
Progression through the cell cycle is gov- 
erned in part by the anaphase promoting 
complex, which causes the controlled 
degradation of kinases and phosphatases 
that are involved in orchestrating DNA 
replication and cell division. Zachariae et 
al. (p. 1721) describe a protein, Hctl, that 
controls the activity of the anaphase pro- 
moting complex and restricts its activity 
to  the correct phase of the cell cycle. 

CALCIUM AND NERVE GROWTH 
Calcium has an important regulatory role 
in control of growth and navigation at the 
t ip of developing or regenerating nerve 
cells. However, the relative contributions 
of Ca2+ that enter through channels in the 
plasma membrane versus Ca2+ released 
from internal stores has not been estab- 
lished. Takei et al. (p. 1705) found that 
type 1 inositol 1,4,5-trisphosphate recep- 
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A New Assay 

Measure the Balance 
ion of angiogenic activity is measured by comparing the ratio of angiogenic stimulators 
of bFGF) to  angiogenic inhibitors (e.g. EndostatinTM). Applications include: cancer, 
ular disease, rheumatoid arthritis, transplant technology and acute phase responses. 
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I THIS ENCE 1 
tor (IP,R), a channel that releases Ca2+ 
from intracellular stores, was abundantly 
expressed in neurons from chick dorsal 
root ganglion. Inhibition of Ca2+ release 
through IP,Rs caused growth arrest and 
retraction of neurites. Proper neurite ex- 
tension appears to  require release of Ca2+ 
from intracellular stores through the IP,R, 
probably in coordination with i n f l u  of ex- 
tracelluhr Ca2+. 

RESPONDING TO BLUE LIGHT 
The responses of plants to  red and blue 
Light involve a cascade of receptors and 
other proteins that translate the light sig- 
nal into a growth response. Now, Christie 
et al. (p. 1698) elucidate further the trans- 
duction of the blue l ight signal into the 
physiological response. The protein encod- 
ed by the NPH7 locus in Arabidopsis binds 
a flavin chromophore and responds t o  
blue light with increased autophosphoryl- 
ation, thus clarifying the identity of the 
chromophore and the initial steps in re- 
sponse to  blue light. 

GRANTING IMMUNE PRIVILEGE 
Some sites in the body, such as the anteri- 
or chamber of the eye, are "immune privi- 
leged"-immune responses do not take 
place. These tissues were thought t o  be 
protected by their constitutive expression 
of Fas ligand (FasL), which induced apop- 
tosis in meandering T cells. However, in 
many experimental systems where FasL is 
inserted as a protective element, inflam- 
mation is incited. Chen et al. (p. 1714) 
found that FasL can activate granulocytes 
to  kill other cells. Fluid from the eye in- 
hibits this killing-and the active agent 
appears t o  be transforming growth fac- 
tor+ (TCF-P). TCF-P could prevent the 

rejection of tumors that was instigated by 
FasL in vivo. Thus, immune-privileged sites 
m y  require FasL t o  ki l l  the T cells and 
TGF-P t o  thwart the inflammation. 

~PHAGOCYTOSIS TWO WAYS 
Cells such as maerophages ingest foreign 
particles through phagocytosis. Receptor- 
particle. interactions lead to  progressive 
wrapping of particles by the cell membrane, 
which are then internalized for subsequent 
degradation. The process requires large 
morphological changes in the cell t o  ac- 
commodate the partide. Caron and Hall (p. 
171 7) examined the role of a family of pro- 
teins that control the actin cytoskeleton. 
Cells can use two different mechanisms to  
promote actin rearrangrnent during phago- 
cytosis, which may explain the Varied cellu- 
lar responses to phagocytosis mediated by 
different cell surface receptors. 

CETACEAN CULTURE 
Is cultural evolution responsible for the 
markedly low levels of mitochondrial di- 
versity in matrilineal species of whales? As 
Whitehead reports (p. 1708; see the news 
story by Vogel), females of these species, 
which include pilot, sperm, and killer 
whales, spend their entire lives with close 
female relatives under circumstances con- 
ducive to  cultural development, such as a 
large body size, low travel costs, dispersed 
and patchy food sources, and the efficient 
transmission of sound. How would this 
cultural inheritance--defined as informa- 
tion learned from the same species that 
causes variation in behavior--affect mito- 
chondrial diversity? Whitehead proposes 
that the selection of particular cultural 
traits causes an incidental reduction in di- 
versity at neutral linked genetic loci. 

T E C H N I C A L  C O M M E N T  SUMMARIES 

Biomass Decline in Amazonian The full text of these comments 
Forest Fragments www.sciencemag.og/cgilcontentlfulV28 

W. F. Laurance et a1 (Reports, 7 Nov. 1997, p. 11 17) found that fragments of the rain for- 
est in the Amazon experienced a large loss of above-ground tree biomass that was not 
offset by recruitment of new trees. 

D. Cowles comments that trees of less than 10 centimeters in diameter were ex- 
cluded from the analysis, which may have introduced "a bias toward measuring losses 
while undersampling the gains that partly offset the losses." J. B. Kauffman et a1 also 
state that the data in the report "seem inadequate to  ascertain losses of total above- 
ground biomass and carbon pools." Data from their tropical forest plots in Brazil show "a 
statistically significant negative correlation between the understory:overstory biomass 
ratio and the overstory tree biomass," 

In response, Laurance et a1 provide "estimated above-ground dry biomas: for small 
trees and lianas (woody vines) in the central Amazon." They state that the effects de- 
scribed in the comments "are likely t o  be of limited importance" and conclude that 
"biomass collapse in forest fragments is a real--and worrisome-phenomenon." 

www.sciencemag.org SCIENCE VOL 282 27 NOVEMBER 1998 
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Your objective is to generate metabolically stable, 
orally bioavailable pharmaceuticals that aren't 
significantly metabolized by polymorphic 
cytochrome P450s or cause drug-drug 
interactions by P450 inhibition. GENTEST 
Corporation's in &testing services support your 
efforts from discovery through registration. Of 
course after 15 years, GENTEST continues to 
be your best source for innovative products for 
the study of human in vitro drug metabolism in 
your own lab: cryo-preserved hepatocytes, 
microsomes, heterologously-expressed 
enzymes, antibodies, substrates, inhibitors and 
metabolite standards. Call us or visit our website 
to leam more about our comprehensive line of 
products and services. 

Corporation 
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GENTEST Corporation 
6 Henshaw Street Woburn, MA01801 
Telephone: (781) 935-511 5 
toll Free: (800) 334-5229 
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NORMAL HUMAN CELL SYSTEMS" 

Western Blot Panels 

I 

used to produce 
CellShotTM Blots 

e ~ ~ h a m e d  on a 4% to 2% 
polyacrylamide gel gradient and 

electroblotted onto PVD;F membrane. 
k - -- , ' I" ';.,."' + - "  ' " , .  
. > . " <  --- $ :  < 
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Currently Available Coming Soon 
EpiPanel 1 . . . . . . . . . . Normal Human Epithelial Cell Types MusclePanel 1 . . . . . . . . . Normal Human Muscle Cell Types 
Endopanel 1 . . . . . . . Normal Human Endothelial Cell Types DermalPanel 1 . . . . . . . . . . . Normal Human Skin Cell Types 
Custom Blots 

Blots manufactured by DNA Technologies, Inc. 

A CAMBREK Company WCknet ics 
w- 
NORMAL HUMAN CELL SYSTEMS" 

Ih I EhcdED? Avoid the Wait, Call your clone ti^ Technical Specialist Today. 
For Technical infonnatlon: US & Canada (800) 852-5663 All other locations: (301) 8887025 Ext. 2492 

TO PLACE AN ORDER CALL: (800) 344-6618 FAX (301) 845-1008 E-MAIL: csObiowhittaker.wrl~ 
Internet: www.biwhittaker.com, Or www.clonetiCS.com Q BioWhittaker, Inc., A Cambrex Company, all rights resewed. 
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l ase rgene99"~s  the only complete system for Windows and Macintosh. Built on the scientific depth and rigor 
of classic Lasergene, La~ergene99~" del~vers the speed, power and sophistication to  handle projects of all sizes. 
In addition to  class~c Lasergene features-sequence assembly, sequence alignments, gene discovery, protein 
structure prediction, primer design, expert technical support and more-lasergene99'" provides: 

Sequence assembly for up to 64,000 reads 

Quality scores for automated sequencing data 

BLAST searching from all modules': 

Entrez text searching':" fi 

I i 
Direct sequence entry from BLAST and Entrez match lists 

Expanded data Import and export options 
- ,----- 

There's much more For your complete free demo call DNASTAR today ~ X P ~ L '  aioqueouee anafysis SOEW/EX~ 

DNASTAR, Inc. [USA] 1228 S. Park St., Madison, Wl 53715 
Phone: 608.258.7420 FAX: 608.258.7439 
e-mail: info@dnastar.com www.dnastar.com 

IN GERMANY: GATC GmbH, Fritz-Arnold-Str. 23, D-78467 Konstanz, Germany 
Phone: 49.7531 *81600 FAX: 49.7531 *816081 e-mail: sales@gatc.de 
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DHC 

Finally, a transfection reagent that makes you smile, every time! 
Introducing 

Gen&0RTERm ~ramfeclion ~eagent. 
GenePORTERTM reagent, which incorporates direct hydrophilic 
conjugation (DHC) technology', is the latest innovation from 
the lab of Dr. Philip Felgner, inventor of lipofection. We at Gene 
Therapy Systems are so confident as to the performance of our 
product, we stand behind it with a double-your-satisfaction 
guarantee' on cell types listed. In a variety of cell lines, 
GenePORTER reagent consistently delivers higher levels of 
transfection than any other commercially available product. 

l o o e o  Reagent 

. - _ 

Without compromising transfection efficiency, this robust Cell Type 
reagent performs in a wide range of conditions, including The li Gal encodng plasmd was del~vered snto cells using GelePORTER and 
different ratios of plasmid and reagent. GenePORTER reagent is competitor s transfectson reagei ls Each manufacturers protocol was ' C  lowed Gal 

easy to use and does not require enhancers or special handling expresson was measured 48 hours aver transtecton by a color~n3etr c assay 

of cells, saving time, cost, and reagents. Order GenePORTER 
reagent today. The results will make you smile. 

GenePORTERm 75 reactions . T201007 
Tiu~hdh 150 reactions T201015 
R=Wlt 750 reactions . T201075 

To Order: 888-428-0558 
Fax: 61 9-587- 1499 
10190 Telesis Court 
San Diego, CA 921 2 1, USA 
For the complete product list 

-, .- Therapy Systems check out the GTS Website @ 

Transfected Cell Typest 

HeLa S3 BHK-21 
CHO-Kl 

Jurkat 
NIH 3T3 COS-1 
B16-FO COS-7 
PC-12 

* Patents pending. 
t I f  you do not pet better transfection results following our 

protocol, kit purchase price will be refunded or double-the-kit 
price will be applied to vour GTS, Inc. account toward future 
burchaw 0ie; valod on USA only and end5 1/31/99 Guarantee 
or l~moted to cell tvner on th15 ad The ourcha5ed GenePORTER 
reagent must be returned using the GTS. Inc. return policy. This 
offer is limited to one T201007 or T201015 kit per customer. 
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PCR optimization 
in one single experiment 

The determination of the right annealing temperature is Of course, both Mastercyclers are licensed and 
crucial for establishing a new PCR experiment. The new authorized for PCR. 
all-round genius Mastercycler@ gradient is an innovative, 
compact thermal cycler for even the most demanding 1  2  3  4  5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

PCR* applications. Its gradient function enables a tem- 
perature gradient of up to 20 "C to be generated across 
the block, thus optimizing the annealing, denaturation, 
or extension temperature in one single experiment. 
Its 96-position all-in-one universal block can accommo- 
date 96 x 0.2 ml tubes, 77 x 0.5 ml tubes, or one 96-well 
plate - without block exchange. 

9ww 

The exact block homogeneity ensures reproducible 
results. Variable, high incubation speeds as well as time 
and temperature increments for hot-start, touch-down, 
and long PCR provide maximum programming flexibility. 

The Mastercycler@ personal is designed to meet personal 
applications. Its 25-position all-in-one universal block 
holds 25x0.2 ml tubes, 1 6 ~ 0 . 5  ml tubes, or one micro- 
plate in a 5x5 grid. 

Personal memory cards for 10 individually developed 
protocols allow an easy and comfortable method transfer 
between both Mastercycler models. 
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Experimental determination of optimal annealing temperature. 

The calculated primer annealing temperature was 56.5%. the 

actual annealing temperature is 63.5%. The ribosomal spacer region 

of mycoplasms from H9 cell cultures was amplified. 

'PCR (Polymerase Charn Reactom) e protected by patent The patent 1s heId by Hoffrnann-La Roche 
Practlce of the patented Polymerase Cham Reaction (PCR) process requires a Incense 
The Eppendolf Thermal Cyclen are Authorized Thermal Cyclers and may be used wlth PCR lbcenses 
available from the Perkln-Elmer Corporatlm Then use vnth Authorized Reagents also FfovdeS a lkmlted 
PCR license In accordance vnth the label nghts accmpanyng such reagents 

Eppendorf - Netheier - Hinz GmbH .22331 Hamburg . Germany. Phone (+49) 40-53801-0. Fax (+49) 40-53801-556 
website: www.eppendorf.com . e-mail: eppendorf@eppendorf.com 

Eppendorf Scientific, Inc. . One Cantiague Road . Westbury, NY 11590-0207 . USA. Phone 800-421-9988 or 516-876-6800. Fax 516-876-8599 
website: www.eppendorfsi.com . e-mail: eppendorf@eppendorfsi.com 



Antibody 

You will be amazed at how powerful an antibody can be. 

Tra n ~ d  u -1.0 Toll-free 800-227-4063 F ~ X  606-259-1413 
Voice 606-259- 1550 Website translab.com 

Labor ato ire- A list of current distributors of~rmsduction Laboratories products 
can be found on the Web at translabcom/D'istributorsltrnl 
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ged r ;pel ence.  

GI,BCO B R L  P roduc t s  and  Se rv i ce s  
f o r  C e l l  C u l t u r e .  

U More Technical Information 
www.lifeteckcom 

LIFE 

Producer of GIBCO BRL" Products 

U.S. Academic and Government & ~ ~ ~ T E c H - L I N E ' ~ :  (800) 828-6686 ' I h a c p m d u e a u e f m h t a y d u r r d y 2 n d a r e 1 1 0 ( i m ~ f a h ~ ~ 0 ~ a n i d ~ ,  
U.S. Industrial OrdersmCH-Ll~~: (800) 874-4226 t k q e u t i c .  or clinical uer.  unless mhmiu d. (91998 Life Technologies. In;. 980)CRE 
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- Tired of hll-length promises? 1 

lliwmion inspired the an d MB Demulh (188319353 

SMART cDNA l ibraries contain more complete ORFs than are found i n  conven- 
t ional libraries. Libraries were constructed using human skeletal muscle poly At 
RNA as the starting material: 1 vg for SMART library construction, and 5 v g  for 
conventional library construction. 

CLONTECH's SMARTTM Technology* is a true 

advance that allows you to generate cDNA 

that reliably matches the length of your input 

RNA. The SMART cDNA Library Construction 
Kit ~ ~ 1 0 5 1 - 1 1  verifiably increases the percentage 

of full-length cDNA, allowing you to generate 

representative, directionally cloned libraries 

without adaptor ligation. Using our special- 

ized protocols, you can make high-quality 

libraries from as little as 50 ng of total RNA 

or as much as 1 pg of poly A+ RNA. To synthe- 

size high-quality cDNA for subtraction, use 

the SMART PCR cDNA Synthesis Kit (1~1052-1). 

Call and order today! 
Patent pending. 

In Germany please contact CLONTECH GmbH Tel: 06221 34170 Fax: 06221 30351 1 
In the UK please contact CLONTECH UK Ltd. Tel: 01256 476500 Fax: 01256 476499 
In Japan please contact CLONTECH Japan Ltd. Tel: 03 5643 3271 Fax: 03 5643 3252 
Australia: 61 2 9417 7866 1 Aunria and Eaatarn Europa: 43 1 889 1819 1 Belgium/Luxemburg: 0 8 W  1 9815 
Canada: Now call CLONTECH diract*800 6622566 1 China: BElJlNG YUANGPING BIOTECH -86 1068187551; 
GENE CO. LTO. 852 2896 6283; SINO.AMERICAN BIOTECH CO. 86 21 6402 2371 1 Czsch Republic: 420 19 
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7265214 1 Egypt 202 349 8311 1 Finland: 97LM 596 19 1 Franca: 33134 602424 1 Gamany: CLONTECH 
GmbH 49 6221 34170 1 Greece: 301 51 53882 1 Hong Kong: 852 2646 6101 1 India: 091 11 54 21714 I 
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-d economical. 

Perfect rour PCR ouaz ta t i ;  with real- . " 
time PCR detection. Precise, accurate, 
and reproducible quantitative PCR on 
a system that's easy to use and afford. 

The new GeneAmpe5700 Sequence Detectlon System redefines quantitative PCR. 
Call it what you will, real-time quantitative PCR provides unsurpassed reproducibility. 
Now, the GeneAmp 5700 system makes it versatile and economical, too. 

Call it versatile. The GeneAmp 5700 system offers multiple chemistries: probe-free 
SYBR@ Green chemistry with optimized reagent kits, or fluorogenic 5' nuclease chem- 
istry with TaqMan" PCR reagent kits. What's more, the system is based on the world's 
leading thermal cycler, so you can use it for qualitative PCR as well. 

Call it economical. In terms of price and performance, the GeneAmp 5700 system 
is an outstanding value. And it saves time and labor with fast, easy sample preparation 
and a 96-well format. There is no capillary loading, no microcentnfugation, and no 
post PCR-processing. 

Call it a complete solution. The system includes a built-in thennal cycler, precision 
optics, CCD camera, optimized reagents, specially designed software, worldwide techni- 
cal support, and PE Applied Biosystems' PCR performance guarantee. 

Call us to see what the GeneAmp 5700 system can do. To request more infonna- 
tion, call 800-345-5224. Outside the U.S. and Canada, contact you  local PE Applied 
Biosystems representative or visit our web site at www.perkin-elmer.com/ab. We'll send 
you a free brochure and a technical paper that explains how the GeneAmp 5700 system 
is redefining quantitative PCR. 

?E Applied Biosystems 

Europa Langen. Germany Te 49 (016103 708 301 Fax 49 (016103 708 310 Japan Tokyo Japan Tel. (047) 380-6500 Fax 10471 380-8505 Latln Amartca Miami. FloridaTel: (3B l670-UM Fax. 1305)670-4349 A u m I I a  Melbaurne.AustnliaTel~ 1 BW 033747 Fax: 61 3 92124502 
For Research Use Only. Not for use ~n diagnostic procedures. Cellan Perkln.Elmer PCR reapants are developed and manutactured by Roche Molecubr Sysfems. Inc. Branchbum, NBlV J a w ,  U.S.A. m a  PCR pmcass i s m r e d  by U.S. patcnls, i ssud  and pending. owned by 

Rocha Molecular Systems, n c  and F Holtmann.La Roche Ltd The SYBR Green dye IS sold pursuant to a ilmlted license from Molecular Pmbes, Inc under U.S. patent No. 5,436.1Mand cormpondinpfonipn patantsand patanlapplications. @ GeneAmp is a relisterEd trademark of Roche Molecular Systems lnc Appl~ed Biosystems, P i  and P i  Applied Biosystems are tndemarks. and PerXinnEimeris a w ~ t e n d f n d e m a k ,  ofthe Pakin-Elmar Corparalio SYBR i s a  l q i B m d  
trademark of Molecular Probes, Inc PE Applled Blosystems develops and manufactures b products in accordance wlth IS0 90W quality system raquimmenls. 
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On July 1, 1998, 
R&D Systems (TECHNE 
Corporation) signed an 
agreement with Genzyme 
General to purchase 
their research products 
business. This transac- 
tion unites the two recog- 
nized cytokine market 
leaders. We look forward 
to providing you, our 
valued customer, with 
one source for the 
broadest range of 
cytokines and cytokine- 
related products in the 
world. 
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The stunning complexity of cytokine biology has stimulated 
The companies in this article were selected at random. Their inclusion in this arti- 

research On several levels, with ~anufact~rers producing products for cle dm not indicate endorsement by either or SCIENCE, is it meant 
all these levels. At the most basic level, scientists discover new to imply that their products or services are superior to those of other companies. 

C I 

T he ancient maxim known as Occam's 
Razor, that the simplest explanation is the 
best, may have met its match in modern- 

day cytokine research. Even William of Occam 
would throw up his hands in despair at finding any 
simple way to organize or understand the 
cytokines, small messenger proteins whose num- 
ber increase monthly, as do their known functions 
and interactions. 

Chaos plagues even their terminology. Decades 
ago, peptides that acted against viruses .were 
dubbed interferons. Similar peptides that influenced 

Products for cytokine research are expanding beyond that stal- 

wart old workhorse, the sandwich assay. Recent market entries 

include assays for mRNA and new competitive assays. But the 

sandwich assay isn't ready to be put out to pasture yet. It's 

more versatile than ever, thanks to new detection methods, 

matched antibody pairs, and kits for animal cytokines. 

cell growth were discovered in various other disciplines ahd were cytokines, sequence and clone them, and study their functions. 
named lymphokines and monokines, colony stimulating factors, and Another level of research is using cytokines to explore the immune 
growth factors. Today, scientists recognize all these as sister members system and tease apart the interplay of the various cytokines. Here 
of a family of regulatory peptides that act over short distances. Yet again, confusion reigns. Whether a particular cytokine stimulates or 
what name this family should bear-cytokines? growth factors? inhibits the growth of a particular cell type, for example, depends on 
something completely new?-is still up in the air. what other cytokines are nearby and in what concentrations. 

The situation is somewhat better for the individual cytokines. Most Clinical research is yet another level. Because cytokines play promi- 
have had multiple names because each discoverer of a function nent roles in inflammation and many diseases, cytokines hold incredible 
named the protein after that function. Yet, usually a single name gains promise as therapeutics and as therapeutic targets. But progress has 
favor once several proteins are discovered to have the same sequence been at turtle speeds. Most cytokines have so many functions that tarn- 
and in fact be the same molecule. Helping to organize the cytokines ing them to one task is a formidable challenge. Only a few cytokines with 
further is that they can be sorted into families based on receptor use. relatively narrow functions have passed through Food and Drug 
Still, more than 150 cytokines have been cloned, with more being con- Administration approval processes and emerged as prescription drugs. 
stantly discovered, so the Babel of muitiple names is likely to continue. 
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Supporting these various levels of research 
are dozens of companies providing hundreds 
of products. Popular products include recom- 
binant versions of the cytokines and their 
receptors and antibodies to the cytokines and 
receptors. Another popular product has been 
kits for performing sandwich assays, so called 
because the sample protein ends up sand- 
wiched between layers of antibodies. In this 
assay, one antibody captures the cytokine 
and holds it in place, and the second anti- 
body, which is labeled, binds to the cytokine 
and serves as the basis for detection. The 
most popular sandwich assays are enzyme- 
linked immunosorbent assays (ELISAS), 
although newer assays, such as those using 
flow cytometry or based on amplification of 
the sample or its signal, are challenging their 
dominance. 

This year witnessed some shakeups 
among major suppliers. In April, Becton 
~kkinson and Company (Franklin Lakes, NJ) 
signed an agreement to acquire PharMingen 
(San Diego) as a wholly owned subsidiary. In 
July, Genzyme General (Cambridge, MA) 
signed an agreement to sell its research prod- 
ucts business to TECHNE Corp. (Minneapolis, 
MN), the parent company of R&D Systems. 

into cells." These receptors must be present 
with another receptor called CD4 in order for 
HIV to bind to T-cells. "After that discovery, the 
interest in chemokines just exploded," 
Goldman says. Researchers are now trying to 
nail down how certain chemokine receptors 
allow HIV to breach the defenses of cells; 
pharmaceutical companies could then look 
for inhibitors that might fend off HIV infection. 

Peprotech sells more than 30 human 
chemokines, including not only RANTES, 
Exodus-2 (also called GCkine), lymphotactin, 
and monocyte chemotactic proteins (MCPs) 
1 through 4, but also eotaxin and fractalkine. 
Eotaxin has attracted the notice of 
researchers because it appears to play a 
powerful role in allergies and asthma. 
Fractalkine is particularly intriguing because it 
is structurally unlike the other chemokines. 
Unlike other cytokines, fractalkine and its 
receptors can act as adhesion molecules. 

Usually, chemokines and other cytokines are 
similar enough from species to species that a 
researcher can use human cytokines in experi- 
ments with other animals, Goldman says. Still, 
some cytokines are species-specific, and some 
researchers prefer to use the actual cytokine for 
their animal model. So Peprotech sells many 

The Challenge Of 
Keeping Abreast 

"I'm continually impressed by how fast the 
fields [related to cytokines] are moving and 
how exciting the research is," says Robert 
Goldman, president of Peprotech Inc. in Rocky 
Hill, NJ, which manufactures recombinant pro- 
teins, including cytokines. Goldman singles out 
two families of cytokines his company finds 
particularly exciting: chemokines and the tumor 
necrosis factor (TNVrelated ligands. 

"Chemokines are a whole group of relative- 
ly newly discovered small proteins that play a 
very important role in inflammation research, 
research into asthma, and more recently into 
HIV-related research," Goldman says. "In par- 
ticular, chemokine receptors have been iden- 
tified as important for the entry of the HIV virus 

mouse and rat cytokines in addition to the cor- 
responding human cytokines. 

Another area of great interest in cytokine 
research right now for which Peprotech has 
developed a product line is the TNF-related lig- 
ands and their receptors. The grandparents of 
this family, TNF-a and TNF-P, were first isolat- 
ed in 1985 after a long search for factors that 
could act against tumors. Since then, more 
than a dozen TNF-related ligand-receptor 
pairs have been discovered as well as various 
"orphan" ligands and receptors. The members 
of the TNF family have functions well beyond 
their first-discovered role as antitumor agents. 
Several members share a "death domain," an 
aptly named sequence that triggers apoptosis 
(programmed cell death). The TNF family also 
seems to take part in inflammation and regu- 
lating the immune system. 

Peprotech is releasing several TNF-family 
members this year and plans to produce oth- 
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so many pubUcations I I 
of new cytokines I I 
every week. Just 
keeping up with 

the science 
another challenge.' ' 1 

ers as they are discovered. New products 
include CD27 ligand, CD30 ligand, CD40 lig- 
and, TRAIL (also called Apo-2 ligand), RANK 
ligand (also called TRANCE), OX ligand, 
41BBL ligand, TWEAK, and LIGHT 

In addition to coming out with new 
cytokines and receptors as they are discov- 
ered, Peprotech has also focused on devel- 
oping and releasing matched-pair antibody 
sets. Each set is a pair of antibodies to the 
same cytokine that have been tested to work 
well together in sandwich assays. One anti- 
body is usually monoclonal and can be used 
as the capture antibody, and the other is 
polyclonal and can be used as the marker 
antibody. "Paired antibodies are essential for 
detecting the presence of cytokines in blood, 
serum, or culture media," Goldman says. For 
almost every cytokine, Peprotech has a cor- 
responding polyclonal antibody. The compa- 
ny is now developing monoclonal antibodies 
to many of its cytokines, and "we are in the 
process of pairing monoclonal and polyclon- 
al antibodies to check for compatibility for 
detection systems," Goldman says. 

He pinpoints three challenges that face 
companies that manufacture cytokines. One 
is to make the most exciting of the newly dis- 
covered cytokines and receptors available to 
researchers as soon as possible. He says 
Peprotech can usually have a product ready 
4 to 6 weeks after a cytokine's sequence has 
been published, but some difficult cytokines 
take longer. Goldman singles out these diffi- 
cult cytokines, which may require special 

expression systems or some special technol- 
ogy to purify the active protein, as manufac- 
turers' second challenge. And finally, he 
points to the sheer volume of new cytokines. 
"Research is going so quickly," he says. 
"There are so many publications of new 
cytokines every week. Just keeping up with 
the science is another challenge." 

Building --, A Better - , : 

Mbusetrap b"_ ..-. .-. - 
1 _ - _ _ 

Improving on that mainstay of cytokine 
research, the ELISA sandwich assay, is a 
continual challenge for manufacturers in the 
cytokine field. One new approach to a better 
mousetrap is the CytoTrap Cytokine 
Stimulation Assay produced by BioSource 
International, Inc., of Camarilla, CA, which 
makes human, mouse, and rat cytokines and 
detection kits for cytokines and their genes. 
The CytoTrap is an ELISA that takes place 
entirely in a microwell and that has an unusu- 
al sample: cells. 

"With most ELISA kits, you're measuring a 
supernatant from a cell line or serum sample 
or whole blood," says Valerie Bressler-Hill, 
BioSource's Director of Marketing. "In the 
CytoTrap, you add your sample with the cells 
in it directly to the assay and then stimulate 
the cell to produce the cytokine of interest." 

"Where this is particularly interesting is in 
short-lived cytokines, such as IL-2 or 11-4," 
says Kevin Reagan, Vice President of 
Immunology. The CytoTrap assay measures 
the protein as soon as it's produced, so 
there's little time for it to be soaked up by sol- 
uble receptors or bound by other cells. In 
contrast, a regular ELISA run on serum for IL- 
4 generally detects nothing because IL-4 is 
so quickly absorbed. 

The CytoTrap assay takes about the same 
length of time as a regular ELISA. Currently, 
CytoTrap assays are available for mouse 11-2 
and mouse 11-4 (human kits are also available). 

Despite the advantages of the CytoTrap in 
some situations, BioSource believes tradi- 
tional ELlSAs still fit the bill for many applica- 

tions. In its CytoScreen line of solid-phase 
sandwich ELISAs, the company is expanding 
the range of animal models beyond the 
mouse. "Going after the major markers for 
rats has been an important strategy for the 
company," Reagan says. BioSource now has 
about a dozen CytoScreen kits for detecting 
rat interleukins, TNF-a, y-interferon (IFN-9, 
and chemokines. In addition, the company 
has several cytokine kits for monkeys and an 
IFN-y kit for cattle, and it just recently 
released kits for pig TNF-a; IFN-.I; and inter- 
leukins 1 p, 8, and 10. . 

"The swine is extremely important in the 
transplantation field because they are the 
most closely related model to humans," 
Reagan says. "In the transplantation area, 
there's a lot of cytokine work that's going on 
because the elicitation of certain cytokines 
predicts rejection." 

Another recent BioSource product is the 
CytoXpress line of assays for quantifying 
cytokine mRNA (rather than the cytokine pro- 
tein itsett). Reagan says that measuring protein 
can present a problem. Assays may not pick 
up some protein, either because the amount is 
below the sensitivity of the assay or because 
the protein that's produced is not released or 
is bound immediately. By measuring mRNA, 
the CytoXpress assay reveals gene expression 
closer to the start of the process. 

In the CytoXpress assay, the scientist con- 
verts the mRNA to cDNA and spikes the 
sample with a known quantity of a standard. 
Then the mixture is amplified by the poly- 
merase chain reaction (PCR). The standard is 
designed so that the PCR primers bind both 
it and the sample. As a result, when the num- 
ber of cDNA molecules at the start is 
between 20 and 20,000, the standard and 
sample amplify at the same rate. 

After the PCR reaction, the standard and 
sample are measured. Because the starting 
number of copies of the standard is known 
and because the standard and the sample 
amplify with equal efficiency, the relative 
optical density of the two allows easy calcu- 
lation of the number of cytokine cDNA mol- 
ecules at the start. 
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Kits are available for measuring human 
and mouse IL-1 p, -2, -4, -6, and 10; TNF-a; 
and IFN-y. Rat kits are available for most of 
these as well. 

For the future, Reagan and Bressler-Hill 
believe that-current assay technologies just 
cannot be tweaked into doing everything that 
researchers need. Rather, companies will 
need to develop completely new technolo- 
gies to overcome current limitations. 

For example, the four hours it takes to run 
even the fastest current assays is painfully 
slow when researchers want to monitor 
minute-by-minute changes in cytokine con- 
centrations. And current assays that meas- 
ure only one or two cytokines at a time can't 
reveal the intricate dance of interactions 
between cytokines. Placing further demands 
on future assays, Reagan says, is that 
increases in speed and number of cytokines 
detected shouldn't come at the expense of 
sensitivity. Larger samples would then be 
needed, something that's just not practical 
for researchers working with tiny animals 
such as mice. 

On The Cytokine 
Frontier 

Chemokines are generating great excitement 
right now at R&D Systems Inc. of 
Minneapolis, MN, a company that focuses on 
cell surface receptors and their ligands. "I 
can't overemphasize the amount of interest in 
chemokines and chemokine receptors," 
Thomas Detwiler, R&Dk Vice President for 
Scientific Affairs, says. "We consider our- 
selves the dominant supplier of reagents in 
the chemokine field." In fact, R&D first came 
out with a line of chemokines, antibodies, and 
ELISA kits several years ago-and they 
bombed. ''We were ahead of the curve," 
Detwiler says. Only after the discovery that 
chemokine receptors allow HIV to infect cells 
did the current explosion of interest in 
chemokine research-and the corresponding 
boom of sales of chemokine-related prod- 
ucts-take place. 

Currently, R&D sells about 330 
chemokine-related products, including 
human, mouse, and rat chemokines; mono-. 
clonal and polyclonal antibodies (some 
biotinylated and some labeled directly with a 

"In the trans- 
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there's a lot of 

rtokine work that's 
going on because 
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fluorophore) to human, mouse, and rat 
chemokines; matched antibody pairs; and 
immunoassays for human and mouse 
chemokines. Of these products, about a 
quarter debuted in the past year. 

Another research area that continues to 
flourish, Detwiler says, is the transforming 
growth factor-p (TGF-p) superfamily. TGF-p 
was first identified in 1981, and its name 
reflects its ability to prod certain normal cells 
to transform into cancerous ones. Its roles in 
cells have turned out to be startlingly broad, 
however, and TGF-p has turned out to be a 
member of an extensive family of proteins, 
including the activins, the inhibins, and the 
bone morphogenic proteins (BMPs). TGF-p 
and its superfamily are involved in nearly 
everything in the body. 

R&D has recently started to expand its 
product line related to the TGF-p superfami- 
ly. Already out are polyclonal antibodies to 
human BMP-2; other activin, inhibin, and 
BMP products are in the works. 

R&Dk cytokine product line has been 
growing in other directions as well. In partic- 
ular, the Quantikine sandwich ELISA kit line is 
branching into two new areas. One area is to 
supply a greater range of kits for mouse and 

rat cytokines. Among the new kits, called M 
Quantikine kits, are 21 kits for mice and two 
for rats. 

The other branch is the Quantikine Ab kits 
for detecting autoantibodies to cytokines. 
"There is an increasing use of cytokines, 
especially hematopoietic growth factors, in 
therapeutic treatments," Detwiler says. 
"Some treated patients make antibodies 
against some of these, and some apparently 
healthy people who have never received ther- 
apeutic cytokines make autoantibodies 
against them." R&D Systems expects an 
increasing number of researchers to turn to 
studying the circumstances of development 
of these antibodies and their physiological 
consequences. The first two Quantikine Ab 
kits are for detecting antibodies to human IL- 
1 a and human 11-6. 

For situations in which Quantikine assays 
are not sensitive enough, require too much 
sample, or do not have enough dynamic 
range, R&D Systems recently introduced a 
new line of chemiluminescent sandwich 
immunoassays called QuantiGlo. "These 
assays are based on an enhanced luminol 
reaction with horseradish peroxidase," 
Detwiler says, which gives off light. ''This gives 
you an inherently greater sensitivity and range 
than is possible with measurement of light 
absorbance." The emitted light is read with a 
luminometer. QuantiGlo standard curves typi- 
cally span from less than 1 pg/mL to more 
than 2000 pg/mL, and the assay takes only 
four hours. Currently, QuantiGlo assays are 
available for six human cytokines-IL-1 p, IL- 
4, 11-6, 11-12, TNF-a, and endotheliwith 
more assays under development. 

"Diagnostic assays are being explored, but 
this [area] has been a disappointment to us 
and, I think, to many others as well," Detwiler 
says. "The relationships among cytokines are 
so complicated that claims for simple diag- 
nostic applications are difficult." 

Other future plans are clearer. R&D will 
continue to produce chemokines and their 
receptors as new ones are discovered and 
cloned, Detwiler says, and the company will 
expand its lines of reagents for apoptosis, 
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Invader technology, which generates rapid, 
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mRNA molecules. Quantification is 
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:TI duplicate using fluorescence-based 
jetection. Assay kits are now available 
for measuring human cytokine mRNAs, 

including 11-18,lL-6, and TNFa; a GAPDH 
assay is also available. . 
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neurosciences, and developmental biology, 
areas in which it expects considerable 
growth. R&D is also beefing up its line of 
cytokine-specific molecular biology reagents 
with a new line of Quantikine mRNA kits that 
offer, Detwiler says, "a quick, simple altema- 
tive to Northern blots." 

New Tools For New 
Problems 

"Several aspects of gene expression haven't 
been explored in detail due to the lack of 
good tools," says Alan Kotik, Director of 
Marketing at Endogen, Inc., in Woburn, MA, 
a company that specializes in products for 
cytokine research. One example, Kotik says, 
is translational efficiency-that is, the number 
of cytokine molecules a cell can synthesize 
from a single transcript. 

A new Endogen product, the Xplore assay, 
is designed to fill this slot--and several oth- 
&n the cytokine gene-expression research 
toolbox. Xplore assays directly quantify the 
number of mRNA transcripts for a specific 
cytokine in a 0.5-pg sample of total RNA. 

In the assay, a researcher first hybridizes 
two probes to the target RNA. Because the 
probes' binding regions partially overlap, the 
"tail" of one probe, the signal probe, can't 
hybridize to the target and is clipped off by an 
enzyme called Cleavase VII. The number of 
these "signal probe fragments" generated is 

directly proportional to the original number of 
target mRNA molecules, resulting in precise 
signal amplification. Also, the assay is 
extremely sensitive because thousands of 
signal probe fragments can be generated for 
each molecule of target mRNA. 

Next, the signal probe fragments are 
bound to a streptavidin-coated microtitration 
plate by means of a biotinylated capture 
oligonucleotide, and the fragments are 
detected by use of a fluorescent detection 
system. Comparing the fluorescent signal of 
the unknown sample with a standard curve 
allows precise quantification of the number of 
mRNA molecules in the sample. The assay 
takes about four hours and can detect as lit- 
tle as five attomoles of RNA. At least 40 sam- 
ples can be run simultaneously. 

"Because it's a signal amplification system, 
not a target amplification, you don't have 
issues with contamination," says Mark 
Moody, Endogen's Director of Molecular 
Biology. All Xplore assays are run under the 
same conditions, allowing the researcher to 
quantify many different cytokine mRNAs 
using the same assay procedure. 

Currently, Xplore assays are available for 
human IL-lp, 11-6, and TNF-a messenger 
RNA as well as for the housekeeping genes 
p-actin and GAPDH. Over the next year, 
Endogen plans to introduce Xplore assays for 
a variety of human, mouse, and rat cytokines. 

In addition, Kotik says, researchers studylng 
expression of noncytokine genes "have 
expressed strong interest in the Xplore plat- 
form." Endogen is collaborating with these 
researchers to hdp them create custom probes 
that can be used in the Xplore assay system. 

Customer needs have similarly driven 
other changes in Endogen product lines. F ie 
years ago, immunoassay assay kits served 
most customers interested in measuring 
cytokine protein concentrations. But since 
then, researchers have increasingly needed 
to process larger numbers of samples for 
several cytokines. Some researchers have 
wanted to measure cytokines in unusual 
sample types. And some researchers have 
felt fettered by the fixed sensitivity, standard 

curve range, and detection system of 
prepackaged ELISA kits. 

Endogen has responded to these needs in 
three ways. First, it has begun producing 
multipack versions of kits that are designed 
for processing large numbers of samples. 
Second, the company developed the 
"MiniKit," a reagent package that contains 
pretitered antibodies, calibrated cytokine 
standard, and instructions for rapidly setting 
up a cytokine ELISA. Third, Endogen has 
quadrupled its selection of matched antibody 
pairs. Matched antibody pairs allow 
researchers to construct customized assays 
from scratch, while bypassing any need to 
prequalify a large number of antibodies to 
ensure they will work well together. 

"With the matched antibody pairs, 
researchers can develop cytokine assays 
with the sensitivity, dynamic range, and 
detection system of their choice," Kotik says. 

For the future, Moody says, Endogen will 
continue to focus on developing advanced 
tools for studying gene expression. "Where 
people were looking at protein levels before, 
now they're looking at quantifying mRNA 
transcript levels too," Moody says. 

Endogen is also expanding its range of tools 
for immunology research, particularly in rats 
and pigs. Both animals have become increas- 
ingly useful as models of human disease. The 
pig, for example, is now being used as a model 
for arteriosclerosis, asthma, and arthritis, in 
addition to being considered the prime source 
of organs for xenotransplantatim. 

Piecing Together The 
Puzzle Of  Cytokine 
Interactions 

"In our estimation, the most pressing prob- 
lem in cytokine research and probably the 
most exciting to be unraveled over the next 
five years or so will be the clinical significance 
of cytokine changes in vivo," says Lawrence 
Tamarkin, President and CEO of Cytlmmune 
Sciences in College Park, MD. 
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Tamarkin compares our current state of 
understanding of in vivo cytokine interactions 
to a jigsaw puzzle. "R's as if we have the puz- 
zle with all the pieces in it, but we don't have 
the box top," he says. "We don't have a clear 
picture in vivo of what is actually going on, 
the felationship of one cytokine to another 
and how they respond to perturbations." 

Cytlmmune's flagship product, the 
/4ccucyte assay, is designed to remedy this 
lack. The k u c y t e  assay measures cytddnes 
directly in biological fluids. "R's become clear 
that the sandwich assay is a limited technolo- 
gy in that it does not appear to be going 
towards any clinical diagnostic potential," 
T m n  says. He cites in particular the prob- 
lem that cytddnes are q u w  bound once they 
are released from cells, and they can become 
undetectable in traditional assays. Worse yet, 
the amount of binding varies from subject to 
subject and can be affected by sample han- 
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dling. The result has been that measurements 
of cytddne proteins in seemingly similar popu- 
lations have varied greatly from lab to lab. 

The Accucyte assay is meant to measure 
cytokines at normal biological levels repro- 
ducibly and without being affected by the 
binding that stymies sandwich assays. 
Competitive hormone radioimmunoassays 
provided the inspiration for the assay design, 
which the company updated with some '90s' 
twists. In the old radioimmunoassays, the 
hormone was tagged with a radioisotope, 
and then the hormone competed for a limit- 
ed number of antibody binding sites in a test 
tube. In the Accucyte assay, by contrast, 
Cytlmmune has bound polyclonal antibodies 
to a microtitration plate well. The researcher 
adds a biotinylated standard containing a 
known amount of the cytokine and at least 
50 pL of sample. Because polyclonal anti- 
bodies offer a variety of binding sites, even 
protein-bound sample can bind to them. 

In fact, the standard, the protein-bound 
sample, and the free sample all have equal 
chances of binding to the limited number of 
polyclonal antibodies. Because the amount 
of the standard is known, the amount of 
cytokine in the sample can be easily comput- 
ed. The Accucyte assay takes about four 
hours to run and can detect minuscule (0.20 
to 200 ng/mL) amounts of cytokines in blood 
or other body fluids. 

"We hope that the Accucyte will be used 
as a biological response marker to look at 
the changes in these very powerful hor- 
mones as they respond to immunological 
changes," Tamarkin says. 

Tamarkin says that the primary customers 
for the Accucyte assay are scientists moving 
from in vitro to in vivo studies of cytokine reg- 
ulation. 'The basic scientists who are trying to 
look at mechanisms of action and in vitro reg- 
ulation are well served by the sandwich 
assay," says Tamarkin, whose company also 
sells traditional EUSAs for human and mouse 
cytokines and polyclonal antibodies to human 
and rodent cytokines. "It's quantitatively accu- 
rate, it's precise, and it's sensitive." It's just 
not, in his view, useful for biological fluids. 

The newest Accucyte kit measures endo- 

statin, a cytokine that blocks the growth of 
blood vessels and so starves tumors of nour- 
ishment. Cytlmmune already had Accucyte 
kits for two cytokines that encourage the 
growth of blood vessels, vascular endothelial 
growth factor (VEGF), and fibroblast growth 
factor basic @FGF). "In a fairly broad spec- 
trum of current scientific endeavors, these 
factors play a critical role in understanding 
recovery and response and maintaining of 
health," Tamarkin says. The angiogenic and 
antiangiogenic factors may play a role not 
just in cancer but also in autoimmune dis- 
ease, cardiovascular disease, ulcer healing, 
and rejection of transplanted organs. 
Tamarkin says these three kits together allow 
a scientist to explore how these cytokines 
relate and how the balance among them gets 
thrown off in disease. 

Besides the kits for endostatin, VEGF, and 
bFGF, Cytlmmune also sells Accucyte kits 
assays for human IL-1 a, -1 j3, -2, -3, -4, -6, - 
7, -8, -10, -13, and -15; epidermal growth 
factor; IFN-a; leptin; MIP-1 a; RANTES; TNF- 
a; and TNF-j3 as well as six kits to measure 
mouse cytokines. 

Because new cytokines and new functions of 
existing cytddnes are constantly being discov- 
ered, companies' plans for the Mure are nec- 
essarily hazy. Who knows what lies around the 
next bend? Still, it seems clear that both 
improving the sandwich assay and developing 
alternatives to it will be high on many compa- 
nies' lists of priorities. 

The many advantages that have boosted the 
sandwich assay into its current central position 
in cytddne research likely will keep it there 
some time yet. But the assay's limitations are 
chafing more and more. Scientists are eager to 
have assays that are faster, that can measure 
several cytokines at once, that aren't confound- 
ed by protein-bound cytokines, and that work 
with unusual sample types, and companies will 
be eager to oblige. 

--Shauna S. Roberts 

Shauna S. Roberts is a science and medical 
writer in New Orleans. 
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Barrier Function of Mammalian Skin Hans Schaefer Apnl 16-23 II Ciocco, Italy 
Catecholamines Mane F Chesselet July 25-30 Queen's College Oxford 
Cement-Based Materials, Chemistry & Physics of Thomas Mason / Luigi Cassar May 9-14 II Ciocco, Italy 
Chronobiology Eberhard Gwinner June 13-18 II CIOCCO, Italy 
C02 Fixation & Metabolism in Green Plants Hans J. Bohnert Sept 12 17 Queen's College, Oxford 
Computational Aspects of Biomolecular NMR Jeffrey C Hoch June 6-11 II Ciocco, ltaly 
Energetic Materials Peter J. Haskins July 48-23 Queen's College, Oxford 
Floral Scent, Biology and Chemistry of L Gunner Bergstrom Sept 5.10 Queen's College, Oxford 
Genetic Toxicology Leona D Samson Aug 1-6 Queen's College, Oxford 
Green Chemistry James Clark 1 Roger Sheldon July 11-16 Queen's College, Oxford 
Immunochemistry & lmmunobiology Dan Littman May 3OJune 4 11 Ciocco, Italy 
Laser Diagnostics in Combustion Kathanna Kohse-Holnghaus June 20.25 ll Ciocco, Italy 
Mechanisms of Cell Signaling Louis Lim Sept 5-10 Singapore 
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Molecular Evolution Andrew Clark! Naoyuki Takahata Oct 24-29 Japan 
Neuroethology Behavlor, Evolution, and Neuroblology John Hildebrand Aug 29-Sept 3 Queen's College, Oxford 
Oscillations & Dynamic Instabilities in Chemical Systems Raima Larter June 6-11 II Ciocco, Italy 
Polyamines Philip Coffin0 I Kazuei lgarashi Aug 22-27 Queen's College, Oxford 
Polymers (East) Gerhard Wegner July 4 9 Queen's College, Oxford 
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Analytical Chemistry J Michael Ramsey Aug 1-6 New England College 
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Archaea Ecology, Metabolism & Molecular Biology Steve Zinder 1 Felicitas Pfeifer Aug 1-6 Proctor Academy 
Atherosclerosis Jay W Heinecke / Goran K Hansson June 20-25 Kimball Union Academy 
Atmospheric Cherni William H Brune I Joyce E. Penner June 13-18 Salve Regina University 
Atomic Physics John Delos July 4-9 Plymouth State College 
Barriers of the Cent Joanna Szrnydynger-Chodobska /Adam Chodobski Aug 15-20 Tilton School 
Bioenergetics William Allison June 27-July 2 Proctor Academy 
Biological Structure & Gene b p r e s  Stephen Farmer Aug 15-20 Kimball Union Academy 
Biomater~als Biocornpatib~lit Peter C Johnson July 18-23 Holderness School 
Bioorganic Chemistry Steven Rokita /Thomas Von Geldern June 13.18 Proctor Academy 
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Calcium Signalling Andrew Thomas Aug 6-13 New England College 
Cancer Tyler Jacks Aug 1-6 Salve Regina University 
Carbohydrates Jacques Van Boom June 20-25 Tilton School 
Catalysis W Curtis Connor June 20-25 Colby-Sawyer College 
Cell Contact & Adhesion Barry Gumblner June 6-21 Proctor Academy 
Cell Death Douglas R Green June 27-July 2 Colby-Sawyer College 
Cell Proliferation, Molecular & Genetic Basis of Helen Piwnica-Worms July 4-9 Colby-Sawyer College 
Cellulases & Cellulosomes David B Wilson 1 Edward A Bayer July 25-30 Proctor Academy 
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Corrosion - Dry Michael Schutze July 18-23 Colby-Sawyer College 
Developmental Biology Liz RoSertson / Barbara Meyer June 20-25 Proctor Academy 
Drug Metabolism Steve Wrighton July 4-9 Holderness School 
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Prabir Duna 

Date 
Aug. 813 
July 11-16 
July 18-23 
July 18-23 
July 4-9 
July 11-16 
Aug. 8-13 
July 18-23 
June 27-July 2 
July 25-30 
July 4-9 
July 18-23 
July 11-16 
June 27July 2 
June 27July 2 
June 27July 2 
Aug. 1-6 
July 25-30 
Aug. 8-13 
July 18-23 
Aug. 8-13 
June 19-24 
July 18-23 
June 20-25 
Juna 27-July 2 
Juna 6-11 
Aug. 1-6 
June 27July 2 
June 6-1 1 
July 11-16 
July 11-16 
Aug. a13 
June 2&25 
Aug. 1-6 
July 10-15 
J U I ~  la-n 
June 13.18 
Aug. 1% 
July 4-9 
July 25.30 
July 6 9  
June 6-1 1 
Juna 26-25 
July 25-30 
July 18-23 
June 6-1 1 
June 511 
July 11-16 
July 25-30 
June 13-16 
July 25-30 
July 4-9 
July 17-22 
July 11-16 
July 11-16 
July 25-30 
June 13-16 
June 20-25 
June 6-11 
June 27-Juty 2 
July 18-23 
June 13-18 
June 27July 2 
June6-11 
Aug. 1% 
June 27July 2 
June 13-18 
July 4-9 
July 25-30 
Aug. 1-6 
June 13-18 
July 18-23 
July 11-16 
Aug. 8-13 
June 6-1 1 
July 25-30 
Aug. 1% 
June 20-25 
June 20-25 
June 26July 1 
June 13-18 
July 25-30 
June 13-18 

Location 
Proctor Academy 

I 
Salve Regina unlversty 
Kirnball Union Academy 
Colby-Sawyer College 
New England College 
Kimball Unlon Academy 
Holderness School 
lilton School 
Plymouth State College 
Holderness School 
Colby-Sawyer College 
Proctor Academy 
H o l d e m  School 
Plymouth State Colege 
New Engiand College 
Salve Regina University 
lilton School 
Kimball Union Academy 
Salve Reg~na Urhmity 
New England College 
Salve Regina University 
Connecltwt College 
Salve Regina University 
Salve Reglna University 
Kimball Union Academy 
Ti!ton Schod 
Hobmess Schwl 
New England College 
New England College 
Plymouth State College 
Plymoum State College 
Colby-Sawyer College 
Holdemeas School 
Colby-Sawyer College 
Connecticut College 
Plymouth State College 
lilton School 
Salve Regtna UrWmity 
Proctor Academy 
New Eng!and Cdfege 
Plymouth State College 
Colby-Sawyer College 
Plymouth State College 
New England College 
Salve Reglna university 
Salve Reglna University 
Cob-Sawyer College 
Proctor Academy 
Colby-Sawyer College 
Colby-Sawyer College 
Salve Regina University 
Salve Reg~na University 
Conneatcut Cdlege 
New England College 
Salve Reg~na Unlverstty 
Salve Reglna University 
New England College 
Salve Regtna University 
Connecticut College 
Cob-Sawyer College 
P l y w h  State College 
New England College 
Holdemess School 
New England College 
Cob-Sawyer College 
Tilton School 
Holdemess School 
Salve Regina University 
lilton School 
Plymouth state College 
Kimbeli Union Academy 
New England College 
linon School 
Colby-Sawyer College 
K~mball Un~on Acaderny 
Plymouth State College 
New England College 
Plymouth Stale College 
New England Coflege 
Connecticut College 
Colby-Sawyer College 
Plymouth Slate College 
Plymouth State College 
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RANDOM DNA FRAGMENTS 
The HydroShear is a simple, reproducible, 
and cost-effective method for generating 
random DNA fragments within a user-con- 
trolled size distribution. This stand-alone 
instrument makes use of hydrodynamic 

shearing to  fragment 
virtually any source of 
DNA in any concentra- 

tive reporter assays and kinetic studies. Be- 
cause no additional substrate or cofactor is 
required, destabilized variants can be used 
to track dynamic cellular processes in vivo 
and in real time. Expression of destabilized 
variants can be easily and immediately vi- 
sualized by fluorescence microscopy or an- 
alyzed by flow cytometry. 

the sample area of interest without interfer- 
ence from the surrounding area. 

The Scienceware Gel 
Binder is a sturdy, vinyl- 
covered 1 O-ring loose- 
leaf binder designed to 
store and protect au- 
toradiography films. The 
films are placed in trans- 

EXPRESSION VECTOR 
The pBAD/TOPO ThioFusion Expression Sys- 
tem is designed to increase protein yield in 
Escherichia coli by offering tightly regulated, 
soluble expression of recombinant proteins. 

tion at volumes as small 
as 100 pl. By avoiding 
sample dilution, the Hy- 
droShear prevents de- 
creases in concentration 
before cloning, while the 

parent sheet protectors 
for easy viewing. 

The kit makes use of the 
pBAD/Thio-TOP0 ex- 
pression vector, which 
encodes an NH,-termi- 
nal, cleavable thioredoxin 
fusion to  improve the 
solubility of the protein 
expressed. The vector 
carries the araBAD pro- 

LITERATURE 
Nucleopore Polycarbonate Membranes is a 
brochure on a product with precisely defined 
pores, excellent chemical and thermal resis- 
tance, a low level of extractables, and a 
smooth, flat hydrophilic surface. Manufac- 
tured in 17 pore sizes, 
ranging from 0.01 5 pm 
to  14 pm, the mem- 
branes can be used for 
all studies that involve 
viewing the collected 
sample on the mem- 
brane, including optical, 
scanning electron, and 
transmission electron microscopy; partic- 
ulate analysis; and diagnostic cytology. 
They can also be used in applications 
such as aerosol analysis, cell culture, 
rapid bacterial enumeration, leukocyte 
chemotaxis, and liposome extrusion. 

consistent DNA fragment size eliminates 
gel purification and concomitant losses. 
The HydroShear is easy and fast: load the 
DNA, run the system, and wash-all in 
about 15 min. 

FT-IR MICROSCOPE 
The IR-Plan Advantage Fourier transform- 
infrared (FT-IR) microscope provides high- 
level performance and operational sim- 
plicity for research, analytical, and quality 
control needs. The manufacturer's patent- 
ed technology, Targeting and Redundant 
Aperturing, is integrated into the design 
to reduce stray light and improve photo- 

moter for regulated expression with high in- 
ducibility and low background. The unique 
combination of improved solubility and reg- 
ulated expression increases the yield of re- 
combinant proteins. 

INFRARED MICROSCOPE 
The Continupm infrared (IR) microscope 
gives crisp visual images and exceptional sig- 
nal-to-noise ratio due to its infinity-cor- 

metric accuracy. The 
microscope is compact, 
versatile, and easy to  
use for IR transmittance 
and reflectance sample 
analysis. High numeri- 
cal aperture, on-axis, 
Cassegrain reflecting 
o~t ics Drovide shar~ vi- 

rected optical design. 
I t  enables the use of a 
wide variety of IR and 
visible optics to enhance 
IR microsampling. This 
eliminates the need to 
switch between view and 
collect modes of opera- 
tion, which saves time 

A New Breed of DNA Probes is a product 
sheet on a new addition to a line of mouse 
~ a i n t  and chromosome-specific DNA 

s;al im'ages for aciurate sample discrimi- 
nation. The microscope's four-place nose- 
piece can accommodate optional objec- 
tives such as an attenuated total re- 
flectance and grazing angle objectives as 
well as a variety of glass refracting objec- 
tives. The microscope can be readily inter- 
faced with most FT-IR spectrometers. 

;robes for fluorescence 
in situ hybridization- 
the Mouse Pan-Cen- 
tromeric DNA Probe. This 
biotin-labeled probe tar- 
gets the centromeres of 
all 21 mouse chromo- 
somes. Mouse bone mar- 

and eliminates operation errors. The patent- 
ed aperture enables the user t o  focus 
through an automated single aperture on 

row assays with the probe yield a fluores- 
cent signal at the site of each centromere. 

Newly offered instrumentation, apparatus, and labo- 
ratory materials of interest to researchers in all disci- 
plines in academic, industrial, and government organi- 
zations are featured in this space. Emphasis is given to 
purpose, chief characteristics, and availability of prod- 
ucts and materials. Endorsement by Science or AAAS 
of any products or materials mentioned is not im- 
plied. Additional information may be obtained from 
the manufacturers or suppliers named by circling the 
appropriate number on the Reader Sewice Card and 
placing it in a mailbox. U.S. postage is free. 

Destabilized variants of 
green fluorescent pro- 
tein (CFP) with rapid 
rates of turnover are 
available for use in 
mammalian or bacterial 
expression systems. 
These variants are suit- 
able for use in quantita- 

C.. - 3 3  
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