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A n  enormous amount of genetic sequence 
data has been obtained with gel-based DNA - 

sequencing methods. 
 TECH V ~ E W ~  To understand the 

function of the genes " 
and their health implications, genetic varia- 
tion over vast numbers of cells. tissues. indi- 
viduals, and organisms must be examined. 
The complex expression patterns of the esti- 
mated 100,000 genes comprising the human 
genome and the intricate developmental sig- 
nals that define cellular fate will need to be 
understood. The magnitude of this analysis will 
dwarf the task of obtaining the primary se- 
quence of the human genome, and so efficient 
means to exverimentallv access vast amounts 
of genetic information are critically needed. 

Conventionallv. researchers use analvti- , . 
cal techniques to resolve sequence at the 
single-nucleotide level (1). In contrast, bio- 
logical systems read, store, and modify genetic 
information, using the simple rules of molecu- 
lar recognition. Each DNA strand carries the 
capacity to recognize uniquely complemen- 
tary sequence through base pairing. The pro- 
cess of recognition, or hybridization, is 
highly parallel, and every sequence in a com- 
plex mixture can, in principle, be interro- 
gated at the same time. Application of this 
highly desirable concept to sequence analysis 
has awaited new combinatorial technoloeies - 
to generate high-density ordered arrays of 
large numbers of oligonucleotide probes (2). 

At  Affymetrix, we developed ways to syn- 
thesize and assay biological molecules in a 
highly dense parallel format. Integration of 
two key technologies forms the cornerstone of 
the method (3). The first technology, light- 
directed combinatorial chemistry, enables the 
svnthesis of hundreds of thousands of discrete 
compounds at high resolution in precise loca- 
tions on a substrate. The second. laser confo- 
cal fluorescence scanning, permits measure- 
ment of molecular interactions on the arrav. 
This technology is now commercial, with 
complete systems exported to dozens of sites. 

Light-directed chemical synthesis employs 
two mature technologies: photolithography 
and solid-phase synthesis. Synthetic linkers 
modified with photochemically removable 
protecting groups are attached to a glass sub- 
strate. Light is directed through a photolitho- 
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graphic mask to specific areas of the surface to 
produce localized photodeprotection. The first 
of a series of chemical building blocks-hy- 
droxyl-protected deoxynucleosides, for ex- 
ample-is incubated with the surface, and 
chemical coupling occurs at those sites that 
have been illuminated in the preceding step. 
Next, light is directed to a different region of 
the substrate by a new mask, and the chemi- 
cal cycle is repeated. Highly efficient strate- 
gies can be used to synthesize any arbitrary 
probe at any discrete, specified location on 
the array in a minimum number of chemical 
steps. For example, the complete set of 
polydeoxynucleotides of length N, or any sub- 
set of this set, can be synthesized in only 4 x N 

ber. A target sequence is fluorescently be, 
tagged and then injected into the 
chamber, where the target hybridizes to its 
complementary sequences on the array. La- 
ser excitation enters through the back of the 
array, focused at the interface of the array 
surface and the target solution. Fluorescence 
emission is collected by a lens and passes 
through a series of optical filters to a sensitive 
detector. By simply scanning the laser beam 
or translating the array, or a combination of 
both, a quantitative two-dimensional fluo- 
rescence image of hybridization intensity is 
rapidly obtained. Commercial instrumenta- 
tion for controllinn the hvbridization and 

L. 

scanning of the arrays, and software for image 
and data analysis have been developed. This 
approach requires only minute consumption 
of chemical reagents and minute prepara- 
tions of biological samples. 

An array of oligonucleotides complemen- 
tary to subsequences of a target sequence can 
be used to identify a target sequence, measure 
its amount or relative expression level, and 
detect differences between the target and a 
reference seauence. Manv different arravs 

1 
can be designed for these purposes, and 
the applications appear to be only lim- 
ited by imagination. The system wn- 
sists of chivs. a hvbridization station to 
control hykdizaiion, and a reader and 
software to access the chip data. Specific 
chip products for expression analysis, 
HIV array resistance screening, and 
gene resequencing are already on the 
market. Two versions of commercial 
readers are available: a first-eeneration 
system from Molecular G a m i c s  as 
well as a recently released high-perfor- 
mance system from Hewlett-Packard. 
Chip production is now in a scalable 
format. We are now producing -5,000 
to 10.000 chivs ver month. and we ex- 

Arrayed for sequencing. DNA chip fabricated by pho- understand gene 
tolithography. gene function, and the subtleties of regu- 

lation. the auantitative levels of ex- 
chemical cycles. Thus, given a reference se- pressed genes under various conditions must 
quence, a DNA chip can be designed that be assayed. In addition, if quantitative "snap- 
consists of a highly dense array of comple- shots" of gene expression can be captured, 
mentary probes with no restriction on design the dynamics of cellular pathways can then 
parameters. The amount of nucleic acid in- be deciphered. Recently, Lockhart et al. (4 ) ,  
formation encoded on the chiv in the form of vublished methods for the auantitative var- 
different probes is limited only by the physi- 
cal size of the array and the achievable litho- 
graphic resolution. Current bulk manufac- 
turing methods allow for -409,000 polyde- 
oxynucleotides to be synthesized on 1.28-cm 
by 1.28-cm chips. 

Photolithography allows the construction 
of probe arrays with extremely high informa- 
tion content. Because the arrav is constructed 

allel measurement of cellular messenger RNA 
for gene sequences encoded on the chip 
solely from primary sequence data. RNAs 
present at a frequency of 1:300,000 were un- 
ambiguously detected with a quantitative as- 
say spanning three to four orders of magni- 
tude in concentration. Currentlv. Lockhart , , 
and group have developed chips containing 
the comvlete oven readinn frames from the 

L. 

on glass, it can be inverted and mounted in a yeast genome, a series of "custom" chips with 
temperature-controlled hybridization cham- hundreds to thousands of full-length genes or 
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fragments from various databases, as well as 
"standard" chips containing more than 6,500 
genes from the public databases. An expres- 
sion chip with more than 50,000 expressed 
sequence tags from the public databases is 
currently in development. 

This method complements other non- 
combinatorial array-based methods that in- 
volve the serial spotting of multiple clones or 
complementary DNAs (cDNAs) onto nylon 
membranes or modified microscope slides (5). 
These latter methods are inherently parallel 
for the analysis of sequence information, and 
they complement the probe-based arrays in 
their ability to use previously nonsequenced 
biological materials for the expression analy- 
sis. However, hybridization to 
large cDNA or PCR products 
can be thermodynamically more 
stable than to a series of shorter 
discriminating oligonucleotides 
and can yield confusing cross- 
hybridization signals when ex- 
amining closely related genes, 
gene families, or other variants. 
Nonetheless, as experimentation 
continues, new ways around 
these problem will be found. In 
combination. the svnthetic and 
mechanical techniques build a 
powerful new platform for par- 
allel gene expression and offer 

polymorphisms could be detected on a very 
large scale, making it now possible to use the 
technology for large-scale polymorphism 
screening efforts. A t  the current state of de- 
velopment, 1.28-cm by 1.28-cm chips can 
contain enough probes to scan anywhere 
from 32 kb to more than several hundred 
kilobases of sequence, depending on the spe- 
cific chip design and accuracy requirements 
of the screen. Put in the context of the previ- 
ously posed experiment, 1000 chips each 
containing 50 kb could easily and quickly 
perform the comparative sequence analysis. 

Designing arrays to detect specific allelic 
variation is relatively straightforward. In ad- 
dition to using chip designs appropriate to 

large time and labor Making the matrix. Glass wafer is divided into DNA chips 
ments over traditional cDNA that contain the probe arrays. 
library sequencing methods. 

Understanding the relationship between scan a sequence (as in the polymorphism 
genotype and phenotype is a critical techni- application), blocks of probes can be dedi- 
cal bottleneck in modem genetics. For ex- cated to the specific detection of known al- 
ample, consider examining 50 kilobases (kb) lelic variation. Cronin et al. (7) designed a 
of coding sequence for 1000 individuals. The chip-based assay to detect multiple muta- 
genes are known, but the prevalence, loca- tions in the CFTR gene, Kozal et al. (8) tar- 
tion, and identity of polymorphisms are not. geted HIV, Hacia et al. (9) examined the 
The methods of conventional gel-based se- BRCAl gene, and a number of new designs 
quencing that are so effective in the initial are in development for examination of p53 
gene sequencing are not efficient for this and cytochrome p450, and for microbial 
task. Comparative gel-based sequencing is identification and antibiotic resistance. The 
indistinguishable from a de novo sequencing amount of data coded on the array is limited 
reaction, and so the de novo sequencing re- only by the number of probes used per data 
action must be carried out for all 50 kb over point, the available synthesis area, and the 
the 1000 individuals, or roughly 50 Mb of synthesis resolution. 
seauence. This illustrates the stark contrast Recentlv. in collaboration with Lander's , , 
of technical requirements when compared to group at the Whitehead Institute (Cambridge, 
a chip-based approach. MA), Chee and Lipshutz have initiated work 

Chee et al. (6) recently showed how the on a single nucleotide polymorphism (SNP) 
entire human mitochondrial genome can be mapping chip (10). The immediate objective 
sequenced with high accuracy in a single hy- is to identify the common polymorphism 
bridization ex~eriment. A total of -135.000 (those of -20 to 50% freauencv) contained 
oligonucleotiie probes were used to check 
the sequence of -33 kb (forward and reverse 
strands) of the mitochondrial genome in one 
reaction. In addition, 179 of the 180 poly- 
morphism~ present in control samples were 
correctly detected. Two-color comparative 
sequence analysis experiments were per- 
formed that demonstrated how mutations or 

. 3 .  

within the mapped sequence-tagged site col- 
lection at the Whitehead Institute. These 
then form the basis set of biallelic markers 
that can be amplified from genomic DNA 
and applied to a probe array. Similar to the 
design used to detect allelic variation in the 
CFTR gene, blocks of probes are dedicated to 
each polymorphic form of the marker. This 

allows a straightforward detection of 
whether the sample is homozygous or 
heterozygous for each marker. These experi- 
ments offer enormous savings in time and la- 
bor, compared to standard gel-based micro- 
satellite methods. Currently, prototype map- 
ping chips containing -500 markers are be- 
ing produced, with plans to expand to a 
2000-marker  chi^ bv the end of the vear. . , 
These chips will be used for a number of appli- 
cations, including studies of linkage, associa- 
tion, and loss of heterozygosity measurements. 

The challenges of linking sequence varia- 
tion to biological function are many. When 
the sequence is available, chips containing 
every gene in the human genome (chips for 
other genomes such as yeast have already 
been manufactured) can be produced, allow- 
ing genome-wide expression analysis. This 
should have a ~rofound influence on the 
ability to elucidate the metabolic and disease 
pathways of the cell under a variety of devel- 
opmental and environmental perturbations 
and have immediate applications in toxicol- 
ogy studies and pharmaceutical development. 
Screening chips will allow the databasing of 
large numbers of polymorphism, and SNP 
chips will uncover how they are associated 
with disease. Chips providing insight into 
the genetics of model organisms have already 
been developed with strategies that will no 
doubt expand to include any organism of 
interest (1 1 ). DNA chip technology moves 
genetic sequence analysis away from serial 
gel-based methods to a massively parallel 
screening format. In time, technology will be 
needed to make this same paradigm shift for 
the hundreds of thousands of proteins, chem- 
ical messengers, and other molecular compo- 
nents of life. 
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Jurassic Mouse 

In the movie Jurassic Park, an animated car- 
toon showed visitors of the fictional dino- 

saur zoo how ancient 
~SIGHTINGS~ DNAcouldbe inject- 

ed into frog eggs to p r e  
duce cloned baby ~ y r a n n o s a u ~  re; andve- 
lociraptors. That seemed far-fetched even for 
Hollywood, as the feasibility of just moving 
large pieces of intact DNA into an embryo 
has been highly questionable. Yet, recently, 
a group from Japan has for the first time suc- 
ceeded in producing mice containing huge 
fragments of functioning human chromo- 
somes (1 ). How did they do it? 

There have been several ex~eriments 
~ublished over the past few years An the de- 
velopment of new technology to introduce 
ever larger pieces of human DNA into mice 
through in vitro manipulation. One driving 
force is the desire of scientists to introduce 
entire human genes into mice in order to 
study their phenotypes and other properties. 
The fact that most human genes are spread 
out over many tens to hundreds of kilobases 
of DNA presents a formidable technical 
challenge. The largest bacterial vector sys- 
tems, for instance, can accommodate DNA of 
about 100 kb. Yeast artificial chromosomes 
(YAC) increase this by 10- to 20-fold. After 
substantial effort. scientists succeeded 3 
years ago in producing a mouse containing 
YAC DNA (2). Tomizuka et al. ( I )  took an 
approach that bypassed all vectorology and 
just used fragments of human chromosomes 
directly. They designed experiments to find 
out if fragments of human chromosome 14, 
22, or 2 could be transferred into and propa- 
gated in mice. They chose these chromo- 
somes because they harbor the genes neces- 
sary to produce functional heavy A, or K 
chains of human immunoglobulin, respec- 
tively. A mouse with these loci could, in 
principle, make completely human-derived 
antibodies that would be useful for diagnos- 
tics and therapeutics. 

Tomizuka et al. started by first randomly 
introducing a neomycin resistance gene by 
transfection into a population of human fi- 
broblasts in culture. The Ned gene served to 
mark individual normal human chromosomes. 
Next, they fused these human Ned cells to a 
mouse cell line in culture. The human-mouse 
hybrids were then used to prepare microcells, 
or fragments of cells, containing pieces of in- 
dividual chromosomes. The microcells were 
fused again to the same parent mouse cell 
line. This iterated process served to create 
individual mouse cell clones containing a 
human chromosome fragment or fragmeits. 
The use of microcells also meant that the 
large DNA was never really isolated outside 
any membrane, just shuttled between intrac- 
ellular hosts. Because large DNA is difficult 

to prepare without shearing, this manipula- 
tion step was probably the key to success in 
the end. 

To find those specific cell lines with chro- 
mosome 14, 22, or 2 DNA fragments, the 
authors used polymerase chain reaction am- 
plification on individual clones with primers 
from various marker loci. Cells from positive 
clones were then fragmented into microcells 
and fused to mouse embryonic stem (ES) 
cells, cells which are pluripotent and can 
develop into any cell of a mouse. The result- 
ing ES-Neol cells were injected into mouse 
embryos to produce chimeras. These chime- 
ras were examined and bred to look for   he- 
notypes and germ-line transmission of the 
human chromosome framnents. 

To summarize, ~ o m &  et al. found that 
the DNA from all three human chromosomes 
could be introduced into mouse chimeras. Us- 
ing fluorescence in situ hybridization tech- 
niques, they could show that the human chro- 
mosomes propagated without any fusion to 
the mouse genome. By looking at the expres- 
sion patterns in different organs, they showed 

Using the URL at the end of each item, 
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that the immunoglobulin p, K, and h genes 
were expressed mostly in spleen and thymus, 
proving that tissue-specific expression of 
these human genes is preserved in the mouse. 
Moreover, the genes underwent normal DNA 
rearrangements to form functional immuno- 
globulin subunits with junctions similar to 
those found in human cells. In fact, the mice 
could mount an immune response to a mouse 
antigen (human albumin) that included pro- 
duction of significant human immunoglobu- 
lin. Maybe even more striking was the fact 
that a fragment of human chromosome 2 (but 
not 14 or 22) could be passed intact through 
the germ line of several founder mice. Put 
another way, human chromosome 2 could 
successfully navigate through all stages of 
mouse mitosis and meiosis. 

This work paves the way for more large, 
human DNA experiments in mice. For in- 
stance, the T cell receptor is an obvious 
candidate for reconstrkction in this "sim- 
ple" mammalian system. It is intriguing to 
think that complex human phenomena like 
cell-mediated immune responses to tumors 
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and microbes can be dissected with 
these new tools. Also, in vivo recom- 
bination could be employed to create hybrid 
mouse-human chromosomes. Although the 
recent work will not lead to a bumper crop 
of neo-dinosaurs, it will probably lead to 
better model systems for biomedicine and 
biotechnology. 
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Hitchhiking with Peptides 

One of the many challenges of gene therapy 
is the efficient delivery of DNA into specific 

.&get cells. ~t the mo- 
~ S ~ G H T ~ N G S ~  ment, the most com- 

monlv used methods 
use viral vectors (usually retroviruses or 
adenoviruses), because they offer efficient 
delivery and can be targeted somewhat to 
specific cell types. Viral vectors, however, 
have several limitations: they often cause an 
intense immune reaction that rapidly clears 
them from the host, viral genomes can re- 
combine during replication to form active 
disease-producing viruses, and viruses pose a 
possible cancer risk when they insert ran- 
domly in the genome. Scientists have thus 
been working hard to develop nonviral alter- 
natives for intracellular DNA delivery. 

Recent work by Niidome et al. (1 ) has 
now increased the armamentarium of the 
gene therapist. These authors synthesized 
amphiphilic peptides that can bind plasmid 
DNA and facilitate gene transfer. Their test 
system was the transfection of COS-7 cells 
with uptake measured by the expression of 
plasmid-linked luciferase activity. Amphi- 
philic peptides have both a hydrophilic and 
a hydrophobic surface. The size of the pep- 
tides they synthesized was between 12 and 
24 residues. The researchers found that the 
transfection efficiency was higher with pep- 
tides that were longer or more hydrophobic, 
or both. It turns out that at the molecular 
level, these peptides fom aggregates with 
plasmid DNA, as determined by circular di- 
chroism and electron microscopy. These 
aggregates are, in turn, internalized by endo- 
cvstosis. The fact that the transfection effi- 
ciency was increased by treating the cells 
with chlormuine. an inhibitor of lvsosomal . , 

enzymes, supports this mechanism. The au- 
thors suggest that the most efficient pep- 
tides will be hydrophilic enough to electro- 
statically bind DNA, but hydrophobic 

(continued on page 398) 
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enough to form peptide-DNA aggregates. 
One of the most interesting aspects of this 
work is that the ability of a peptide to form 
aggregates with DNA strongly predicts 
whether such peptide will be an efficient 
catalyst of transfection. The peptide's main 
role in the process is formation of the DNA 
aggregates rather than specific interaction 
with the cell membrane. 

In the end, the best peptide they synthe- 
sized was as efficient for plasmid transfection 
in vitro as poly-L-lysine, but three and five 
times less efficient than calcium phosphate 
and cationic liposomes, respectively. Addi- 
tional studies of the interaction of such pep- 
tides with DNA may offer further insight 
into the biochemical and biophysical factors 
involved in DNA transfection. In addition, 
because such peptides are easily synthesized 
and modified, it should be reasonably simple 
to design peptides with ligands recognized by 
specific cell surface receptors that could 
serve as targeting substrates in vivo. 
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Robot Spotting 

In addition to the techniques discussed by 
Fodor in the Tech View on page 393 on the 

use of photolithogra- 
~ S ~ T E  F ~ N D E R ~  phicmethods topro- 

duce DNA chips,-0th- 
er arraying strategies exist. One popular al- 
ternative involves the use of immobilized 
DNA fragments or clones as tareets. DNA - " 
fragments (typically generated by polymerase 
chain reaction) can be - 
spotted onto compact grids 
on glass slides, using cus- 
tom tailored robotic sy- 
stems. The resulting grids 
can be hvbridized to fluo- 
rescent-labeled samples. 
Spots detected on the grid 1 
then represent genes whose I 
DNA or RNA were con- Saccharomyces 3 
tained in the samples. cerevisae I 

Analysis of signals ob- 
tained from messenger RNA probes can be 
used, for instance, to quantify gene expression. 

One of the pioneers of this methodology is 
Patrick Brown at Stanford University (http:I/ 
cmgm.stanford.edu/pbrown/). Researchers 
in his lab designed a Web site (http:/l 
cmgm.stanford.edu/pbrown/array.html) to 
demonstrate the technology and showcase 



some recent results. Their Web site pro- 
vides detailed protocols describing their 
microarraying technique, lists of the parts 
needed to build the apparatus, and even 
some short MPEG videos of the machine 
in action. They also present the results of a 
microarray that can detect all 6116 genes 
in the Saccharomyces cerewisae genome. 
The Web site is highly informative and 
distributes many of their tricks to the com- 
munity at large. 

-Robert Sikorski and Richard Peters 
Digital Mailbox: 
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Browser Half-Life 

Would you use an isotope that has decayed 
by four half-lives to perform a critical experi- 

ment? probably-not. I N ET TI  PS I But most scientists 
today use Internet 

browser software that has decayed by as much 
relative to the state of the art. Given how we 
rely on the Net for database access alone, it 
would seem that even the brightest of us may 
be "browser deficient". 

The technologies behind the Internet 
(the protocols and software languages) are 
evolving at an amazing speed. Just look at 
the original language upon which the World 
Wide Web was built, hypertext markup lan- 
guage (HTML). It is the HTML code that 
controls most of what you see when you 
browse the net, from the position of each 
word on the Web page to the color of the 
hypertext link. HTML specifications are set 
by the World Wide WebConsortium (W3C), 
a nonprofit organization. They are constant- 
ly being upgraded by W3C, with the current 
version of HTML at 3.2. 

Now, add to HTML changes the fact that 
Web site developers are free to employ a 
variety of other software languages (Java, 
JavaScript, VBScript, VRML, and so on) to 
send their information, and you begin to see 
the challenges with Internet communica- 
tions. Like HTML, these languages too are 
evolving, and newer versions require newer 
browser software or appropriate software 
plug-in modules. If the browser can't handle 
the Web site transmission, the appearance of 
the site can be odd or even blank. 

As a specific example, version 1.1 of Net- 
scape Navigator introduced an upgraded ver- 
sion of HTML that allows positioning of page 
elements in tables, much like a spreadsheet 
with invisible lines. As a result, Web sites 
that use table features will look strange when 
viewed with a Netscape browser that is not 
version 1.1 or later. Because most sites use 
HTML tables in some form these days, the 
scientist using an underpowered browser 
will be looking at the world through the 

equivalent of broken glasses. 
Currently, there are only really 

two companies that dominate the browser 
market, Netscape (Navigator) and Microsoft 
(Internet Explorer). Browsers from these com- 
panies have the rich set of features that today's 
user will need. Like other software, browsers are 
released as numbered versions. Both compa- 
nies have released fully debugged products 
labeled version 3 that can be downloaded on 
the Net. For most scientific sites on the In- 
ternet today, these 3.x versions from either 
company should be adequate for the next few 
months. (The "x" number increases as patches 
to existing bugs are made.) The latest 3.x 
products have been fine tuned through mul- 
tiple bug-fix cycles and are more reliable. 
Given the speed with which software can be 
"shipped" via the Net, there is usually a lag 
time before any newly minted browser ver- 
sion is perfected. However, the pace of future 
development doesn't stop. 

Both companies are already introducing a 
wealth of new features into their fourth-een- - 
eration products, including nonstandard ex- 
tensions to HTML that will extend the possi- 
bilities for those involved in Web page au- 
thoring. Adventuresome users who want to be 
at the cutting edge can dive into Netscape 
Navigator 4 (called Communicator) today, as 
it has just been fully released. In addition to 
support for the newest Net programming lan- 
guage versions, Communicator comes pack- 
aged with a host of additional modules for 
sending e-mail, reading newsgroups, and so 
forth. A version-4 preview release of Micro- 
soft's browser is now available as well, with 
final versions ready later in the summer and 
fall. Different operating system versions may 
be shipped at different times. To learn more 
about the features of each new browser ver- 
sion, their availability, and where they can be 
acquired, point your existing browser to http:/ 
/www.medsitenavigator.com/techsight/ 
nettips-2.html where you can find detailed 
on-line documentation. We will revisit the 
browser issue in a later column to follow up 
on the state of this evolving technology. 

-Robert Sikorski and Richard Peters 
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Miniature Temperature 
Data Logger 

The Micro Logger can record up to 4096 tem- 
perature readings and download the results to 

a personal computer 
I P R 0 D U CT S I through simple Win- 

dows software. The 
Micro Logger is just 0.6-inch by 1.5-inches 
by 2.13-inches. The system is configurable in 
C, F, K, or R at user-definable recording 
intervals from 2 seconds to 24 hours. The 
3.6-volt replaceable battery has a life-span of 
about 2 years. With accuracy of 0.5"C for 
temperatures from 0" to 60°C, the logger can 
record temperatures from -40" to +75"C. 
The data can be transferred to a computer 
throueh a serial or RS-232 communications - 
port. The data, which includes an auto- 
matic time and date stamp, can then be 

viewed as a table or graph using the Win- 
dows software provided or exported to a 
spreadsheet. Telatemp. For information call 
800-321-5 160 or circle 142 on the reader 
service card. 

cDNA Synthesis Kit 
The SOLIDscript Solid Phase cDNA Syn- 
thesis Kit allows the user to go from cells, 
animal or plant tissue, and total RNA di- 
rectly to an immobilized cDNA library in less 
than 2 hours. The immobilized cDNA li- 
brary is ready for direct use in polymerase 
chain reaction, subtractive hybridization, 
cDNA amplification, and cDNA cloning. 
This magnetic protocol can be accomplished 
in a single tube. CPG. For information call 
201-305-8181 or circle 143 on the reader 
service card. 

Gas Anesthesia Instruments 
New National Institutes of Healthguidelines 
favor gas anesthetics over injectables, but 
most gas anesthesia equipment is made for 
the veterinary market and not suitable for 
animals as small as rats. A full line of halo- 
thane and isoflurane anesthesia instruments 
and accessories for use with lab animals, in- 

cluding rodents, is available, how- 
ever. Stands, flowmeters, and vapor- 
izers have been configured for work 
with lab animals. Unique accessories in- 
clude a gas mask for delivering gas via closed 
circuit (recycling the gas) to rats in a stereo- 
taxic instrument, and the Fluorvac Gas An- 
esthesia Scavenger, which protects the re- 
searcher from breathing the anesthetic gas 
when working in an open circuit mode 
(slow flow past the animal's nose) with ro- 
dents. Stoelting. For information call 630- 
860-9700 or circle 144 on the reader ser- 
vice card. 

Clone and Plasmid 
Map Software 

CloneMap is a clone-designing and ~lasmid 
mapdrawing program for molecular biolo- 
gists. CloneMap provides an intuitive and in- 
teractive environment for fast and easy plas- 
mid map construction, cloning, and restric- 
tion map site mapping. High-quality plasmid 
maps can be created with or without DNA 
sequence. Map features can be added by re- 
striction site searching, feature table parsing, 
or interactive manual entry. Restriction sites 
can be displayed on the map using predefined 

(continued on page 403) 

A practical Guide for 

Scientists and En+eers 

N'llliam G. Velis, Jr. 

This  new. updated edition of Working with 
Congress helps scientists and engineers cornmun- 
icate more effectively with Members of Congress 
and their staffs. These days, Congress exerts 
considerable influence over the future direction 
of science and technology, yet relatively few 
Members have any training or background in 
science and technology. Learn how Congress 
operates, the 17 cardinal rules for working with 
Congress, how to influence the legislative process, 
and how to initiate and maintain communications 
with Members and st*. 

1996: 160 pages: 515.95 (AAAS member price $12.76) 
Purchase /handling $4.00 per order 
AAAS Distribution Gnter 
PO Box 521 
Annapolis Juncrion. MD 20701 
Order bv phone MSNMzsterCard only) 
call 1-800-222-7809 or fax orders m 301 -206-9789. 

FLASH! 

Sutter Instrument Company manufactures a 
complete line of filter changing and wavelength 
switching instruments. We offer several complete 
systems from the DG-4, our 1 millisecond 
wavelength switcher, to the Lambda 10 series 
filter wheels. Our state-of-the-art design and 
manufacturing facility can also provide custom 
solutions for OEM applications. Visit our web 
site or contact us for more information. 

I 4 0  LEVERONI COURT, NOVATO, C A  9 4 9 4 9  

PHONE: 41 5 - 8 8 3 - 0 1  28 FAX: 4 1  5 - 8 8 3 - 0 5 7 2  

EMAIL: INFO@SUTTER.COM WEB: HTTP://WWW.SUTTER.COM 
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enzyme filters, summarized as text files, or 
listed together with DNA sequences. Clone- 
Map can import sequences from formats such 
as GenBank, EMBL, GCG, and FastA, and 
can produce publication-quality graphics. It 
runs under Windows 3.1, Windows 95, and 
Windows NT. CGC Scientific. For infor- 
mation call 3 14-207-013 1 or circle 145 on 
the reader service card. 

lntracellular Staining Kits 
A line of complete intracellular staining kits 
includes all the essential reagents to study 
cytokine expression within specific lympho- 
cyte populations. The I-C Screen Kit con- 
tains a fluorescein-conjugated CD mono- 
clonal antibody with one of the following 
labeled anti-cytokine antibodies: IL-2, IL-4, 
IL-6, INF- , TNF- , or IL-8. BioSource In- 
ternational. For information call 800-242- 
0607 or circle 146 on the reader service card. 

immunoglobulin G. Available in pre-packed 
columns, Protein A HyperD is part of Beck- 
man's ProScale platform and works with 
BioSys workstations as well as with other 
high-performance chromatography systems. 
The "gel in a shell" HyperD bead is composed 
of a rigid shell filled with a functionalized, 
flexible hyprophilic hydrogel to provide high- 
capacity, rapid protein separations. The in- 
compressible rigid bead prevents shrinking or 
swelling of the composite matrix, allowing for 
linear velocities in excess of 2000 cm per hour 
without bead compression. Beckman Instru- 
ments. For information call 800-742-2345 
or circle 147 on the reader service card. 

Chromatography Medium 
Protein A HyperD is a high-performance af- 
finity medium for simple, fast, and reliable 
purification of monoclonal and polyclonal 

Literature 
Gilson Combinatonal Chromatography System 
describes a system featuring diode array detec- 
tion designed to speed up the drug discovery 
process by automating the purification and 

,Id standard 

analysis of synthetic library products. 
The svstem offers high ca~acitv. ac- 

L, . 1 ,  

commodating up to 12 standard or deep-well 
microplates, for a 1152-well capacity. Gilson. 
For information call 800-445-7661 or circle 
148 on the reader service card. 

Paramount Filtered Enclosures contains de- 
tailed information on nonducted enclosures 
featuring filter cells engineered to National 
Institute for Occupational Safety and Health 
guidelines for respirators. Four types of car- 
bon-based filters are available for various aD- 
plications. Labconco. For information call 
816-333-881 1 or circle 149 on the reader 
service card. 

Amplification Enzymes brochure describes re- 
agents for a wide range of polymerase chain 
reaction methods. Promega. For informa- 
tion call 800-356-9526 or circle 150 on 
the reader service card. 

Newly offered instrumentation, apparatus, and labora- 
tory materials of interest to researchers in all disciplines 
in academic, industrial, and government organizations 
are featured in this space. Emphasis is given to pur- 
pose, chief characteristics, and availability of products 
and materials. Endorsement of any products or materi- 
als mentioned in Tech.Sight by Science or AAAS is not 
implied. Additional information may be obtained from 
the manufacturers or suppliers named by circling the 
appropriate number on the Readers' Service Card and 
placing it in a mailbox. Postage is free. 

The 1997-98 AAAS Award for 
Public Understanding of Science and Technology 

to the Clinic for your 
Candidate Cancer Drug 

is via MetaMouse@ 
the popularization of science, but who are not ..................... 

members of the media. The prize carries with it a 
$5,000 honorarium. Award nominations must be 

received no later than August 1,1997. If you would 
like additional information, contact Amie King 

at 202-326-6760, Fm202-371-9849, 
Contract drug evaluation on all tumor models available or ship. email: aking@aaas.org. 

Examples of MetoMoux) dnrp-dltcovery/de~ment .HII'S" 
An. I et d. Cbnrcol and Experlmentol Metostosrs. 15. 184-195. 1997. 

The nomination package should include: An, Z. ef 01. Anticancer Research. 16, 2546-2552, T W ~ .  
Wong. X. et  01. Cancer Research 54.4726-28 1994. 

1) Name, position, institution, and address of  NOMINEE Hohmon, D. Journol of the National Cancer Institute 88. 3%-397. 1996 

2) Name, position, institution, and address of  N O M I N A T O R  

3) Summary ofActivities such as book, magazine, and newspa- 
per p u b l i s w  broadcasting; lecturing; museum presenta- 
tion and exhibit design; and other public outreach activities, 
local or national in the U.S. (about 250 words) 

4) CV (3 pages maximum) 

5)  2 Letters of  support 1 in cance r drug disco 




