
CPU by DNA? 

The  logic of the genetic code, as mani- 
fested in the pairing of only four bases of 

- DNA, is an  amaz- 
ISIGHTINGSI ingly simple prop- 

ertv that can be ex- 
ploited in many complex ways. Because of 
this, DNA has been showing up in experi- 
ments far afield from the molecular biology 
communitv. A recent reDort bv Braun et al. 
(1 ) highliihted the proAising'migration of 
DNA into electronics. 

First some background. Researchers in 
academia and industry are very much inter- 
ested in miniaturizing electronic circuits as 
much as possible. For computers in particu- 
lar, the concept is obvious and profound: the 
more circuits in a given area, the more pro- 
cessing power a computer has. Current tech- 
nology for computer chip manufacturing re- 
lies on the use of ultraviolet lieht to create " 
patterns that define the components of inte- 
grated circuitry. Because of diffraction, the 
wavelength of light puts an effective limit on 
the width of a wire in an inteerated circuit. - 
There is ongoing research into the use of 
other etching modalities, such as x-rays, that 
can create microscopic wires of smaller sizes. 

Enter DNA. How can DNA be used to 
create small wires? A group at the Weizmann 
Institute in Israel has applied the unique 
physical characteristics of DNA and DNA 
base pairing to the problem (1). Only a few 
steps were involved in generating a system in 
which DNA was used as an atomic scaffold 
uDon which to build silver wires. The wires 
connected two gold electrodes that could 
suDDort an electric current. 

A - 
First, the researchers constructed two dif- 

ferent "anchoring" oligonucleotides (or oli- 
gos), each 12 base pairs long and coupled to 
a disulfide group at their ends. When added 
to two electrodes (the negative and positive 
poles), the oligos bound essentially irrevers- 
ibly via the sulfur group. The oligo-treated 
electrodes were then placed 12 to 16 mm 
apart and bathed in a solution containing a 
derivative of phage lambda DNA. This lin- 
ear 16-mm-lone ~ i e c e  of double-stranded " L 

DNA contained termini that could base pair 
(after denaturation) bv standard Watson- , , 
Crick pairing with the single-stranded an- 
choring oligos. Once captured by both an- 
choring oligos, the DNA molecule acted like 
a bridge to link the two electrodes. 

Next, they needed to turn the DNA 
strand into a conductor, because DNA by 
itself does not conduct current. They first 
treated the mix with ionized silver in a way in 
which the endoeenous sodium on the DNA cz 

backbone was replaced with silver mol- 
ecules. Then, they added a reducing agent to  
the mix. This caused the silver to  precipitate 
along the DNA molecule, effectively turning 

the DNA bridge into a wire 100 nm in diam- 
eter. Conductance tests were performed to 
Drove that the newlv minted wire would in- 
deed conduct electricity. The specificity of 
the silver precipitation process was shown by 
examining control samples that did not con- 
tain DNA-thev exhibited no  current flow 
between the electrodes. 

The  a ~ ~ l i c a t i o n  of DNA-based tech- - - 
nology to the formation of electronic cir- 
cuits is intriguing. Theoretically, a solu- 
tion containing a mixture of oligonucle- 
otide scaffolds can be mixed with a solid 
support spatially coated with target oligo- 
nucleotides. Hybridization and "develop- 
ment" could produce complex circuitry in 
one parallel processing step. Although the 
DNA wires are significantly wider than the 
3- to  20-nm wires produced by state-of- 
the-art laser techniaues (2) .  there is the . ~ , ,  

hope that DNA can be a substrate for tar- 
geted wiring of future circuitry. Challenges 
ahead concern how to deposit the oligos 
on a surface in atomic grids, fabricating 
atomic grids, and controlling the hybrid- 
ization of multiple oligonucleotides. 

-Robert Sikorski and Richard Peters 
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Pinpoint Assays 

Laboratories, especially those focused on 
drug discovery, have great interest in finding 

new ways to perform 1 S l G H T l N G S I enzymatic assays. In 
general, speed, cost, 

or throughput usually limits any assay's util- 
ity in a production system. To  increase speed, 
the assay should be completed in extremely 
short times and have little set-up time. To  

decrease cost, the assay should be ex- 
tremelv sensitive so as to use as few 
reagen;s as possible. To  increase throughput, 
the assay should lend itself to robust automa- 
tion with robotic or flow-based systems. 

Many enzymes perform cleavage or join- 
ing reactions. Methods used to follow the 
activity of cleaving enzymes (such as pro- 
teases or deoxyribonucleases) consist of mo- 
nitoring the increased concentrations of the 
cleavage products. For measuring enzymes 
that catalyze joining reactions (kinases or 
ligases), the rate of disappearance of the sub- 
strate or appearance of the product is fol- 
lowed. Techniques to rapidly measure mo- 
lecular fragmentation and molecular as- 
sembly, in general, would have broad utility 
in many biochemical reactions. 

Two recent publications by the group of 
Eigen and co-workers (1, 2) described an  
elegant approach to both types of biochemi- 
cal reactions. They call their technique 
dual-color fluorescence cross-correlation 
spectroscopy, or simply FCS. A t  the heart of 
FCS are highly sensitive fluorescence de- 
tectors that can detect single photons. 

The FCS methodology was tested in a 
mock svstem used to measure the activitv of a 
DNA restriction endonuclease (a cleavage 
reaction). Two different fluors (Cy5 and rho- 
damine green), which excite and emit at dif- 
ferent wavelengths, were attached to the 
ends of a double-stranded oligonucleotide 
that contained a recognition site for the en- 
zyme Eco RI. T o  measure, on average, only 
one DNA molecule at a time, the samples 
were diluted to very low (nanomolar) con- 
centrations, and fluorescence measurements 
were made at verv small (ferntoliter) vol- 
umes. The  small volume was actually a small 
s am~l ine  window of a solution that was cre- . - 
ated on-the-fly by focusing two lasers (at 
488- and 633-nm wavelength) into the sam- 
ple such that their paths crossed within the 
sample volume. This intersection of the two 
lasers is, therefore, the only part of the sam- 
ple that is stimulated at both wavelengths 
simultaneously. The excited photons emit- 
ted from the sample were then collected on 
detectors at the two waveleneths. - 

Over time, molecules diffuse into the 
sampling window and are excited. Only 
those DNA molecules with both fluors at- 
tached will emit at the two measured wave- 
lengths. This fact is the key to the experi- 
ment, and it allows sensitive measurements 
of the cleavage of the DNA molecule. Over 
time, the number of bifluorescent DNA 
strands entering the sampling window will 
decrease as the linkage between the fluors is 
cleaved. Eventually, none of the fluors will 
be linked in the same molecule. 

By using multiple samplings over time and 
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performing computer analysis of the results, the 
investigators could correlate the existence of 
bothfluors in the same space-that is, attached 
to the same molecule. To  measure a fragmenta- 
tion reaction, they just looked for loss of the 
correlated signal. It is easy to see then that the 
reverse reaction (ligation) could also be re- 
corded as the increase in correlated signal. 

In an accompanying paper ( 2 ) ,  the group 
went on to show that the FCS technique 
could be done fast and in small volumes. 
Amazingly, they were able to create condi- 
tions in which a sample volume as small as 1 
fl (the size of the bacterium Escherichia coli) 
coi~ld be measured. The  entire assav took 
only 1 s to complete. 

Obviously, many uses of FCS in assembly 
and fragmentation reactions are possible. The 
only limitations seem to be attachment of the 
fluor groups and ensuring that they do not 
interfere with the reaction being measured. 
With current technology, it should be pos- 
sible to measure lo5 sainples in a single day. 
Nonenzymatic assays, such as DNA-DNA or 
DNA-RNA hybridization would also lend 
themselves to FCS methodology, potentially 
paving the way for high-volume genotyping or 
sequencing applications. 

-Robert Sikorski and Richard Peters 
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Virtual Meetings 

Everv successful scientist todav relies on  the 
timely exchange of information. Scientific 

meetings in particu- I N ET TI BS I lar have tradition- 
ally offered a forum 

to swaw ideas. contacts. or stories with one's 
peers. w i t h  the explosion of the Internet, a 
number of online collaboration tools have 
been developed that could make many physi- 
cal meetings all but obsolete in the near fu- 
ture. This brief revlew looks at one such 
Web-based collaboration product called 
NetMeeting from Microsoft. W e  focus on " 

NetMeeting for two reasons: first, it is free, 
and second, it has consistently been rated as 
one of the best collaboration tools available. 
For instance, NetMeeting was one of the fi- 
nalists in a review of Web communication 
applications performed by PC Computing 
magazine (January 1998 issue). Perhaps the 
major drawback about NetMeeting, how- 
ever, is that it only runs on  PCs that operate 

with Windows95. So far, there is no 
Macintosh version. 

Application sharing is clearly one of the 
product's best features. You can use the Net- 
Meeting World Wide Web interface to share " 
the use of an entire application on  your PC 
over the Internet with others, even if they do 
not have the application installed on  their 
machine. There are two operating modes in 
NetMeeting: sharing and collaboration. In 
the sharing mode, you control the applica- 
tion while others watch over the Internet. In 
the collaboration mode, others can take con- 
trol of the application over the Internet (or 
vour LAN).  You can also draw on  a shared 
khiteboard, send text messages (chat),  and 
transfer files among the group. The shared 
clipboard function lets you copy information 
(text or graphics) from a local document and 
paste its contents as part of a group collabora- 
tion. Finally, the latest version of Net- 
Meeting has added a videoconferencing ca- 
pability, which allows users to communicate 
with someone running another standards- 
based videoconferencing product such as 
Intel's Internet Videophone. If you do not 
have a camera to display images, you can still 
use the software as an Internet phone. 

NetMeeting participants actually "meet" 
at  a remote server somewhere o n  the  In- 
ternet .  By default, the meeting is auto- 
rnaticallv hosted on  one of Microsoft's 
remote servers, which they call Internet 
Locator Servers. You can, however, choose 
another meeting place as well. A list of 
third-party servers capable of supporting 
such meetings is available at http://ils. 
microsoft.com/. 

Although the company claims that the 
product can be used with modem connec- 
tions as slow as 14.4 kbls, it is generally ad- 
vised that users dial-up with a connection at 
least as fast as an ISDN line, especially if you 
will be exchanging audio data. The majority 
of scientists have fast Internet access pro- 
vided bv their institutions, so this should not 
be a b i i  issue. A t  the moment, the product 
is only available through Microsoft's Web site, 
where it can be downloaded free of charge u 

(www.microsoft.corn/netmeeting/); NetMee- 
ting is not available on floppy disks or CDs. 
Microsoft has stated that NetMeeting will be- 
come an integrated component in the future 
operating system release, Windows98, along 
with Internet Explorer 4.0. 

Tech.Sight is published in the third issue of each 
month, and appears in Science Online at 
eL~eL~eL~.sciencemag. org. Contributing editors: Rob- 
ert Sikorski and Richard Peters, Medsite Commu-  
nications, Boston, M A .  The  editors u'elcome your 
comments e-mail to techrigh@aaas.org. Specac 
comments and feedback should be routed via the 
W e b  with the Digital Mailbox URLs  at the end of 
each item. 

Overall, NetMeeting is a n  early version 
of a very neatly designed collaboration 
tool that is worth looking into. Given its 
early-stage release, it may not be for the 
faint of heart iust vet. but there is little , , ,  
doubt that  these types of tools will be ap- 
plied to  science soon. 

For more info on NetMeeting check out 
~vww.cnet.com/Content/Reviews/JustIn/ 
Items/0,118,33,00.html or wwwmedsitena- 
vigator.com/tips. 

-Richard Peters and Robert Sikorski 
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Yeast Sites on the Net 

Saccharornyces Genoine Database 
http://genome-www.stanford.edu/ 
Saccharomyces/ 
This site at Stanford is a major access point 
for genomic information about this particu- 
lar yeast. Resources here include the entire 
yeast sequence, detailed chromosome maps, 
sequence analysis software, and links to ma- 
jor yeast Web sites. 

A wealth of information useful to  the yeast 
molecular biologist can now be found online. 

The yeast commu- 

XREF Database 
www.ncbi.nlm.nih.gov/XREFdb/ 
This online database is designed to find 

SITE F INDER 

" 

matches between human genes and those 
found in yeast. You can send your query se- 
quence directly or sign up for an online ac- 
count that will keep track of your favorite 
gene as the database is updated. 

nity has clearly ex- 

The Definitive Yeast Transformation Home- 

page 
www.umanitoba.ca/faculties/medicine/ 
human-genetics/gietz/Trafo.html 
The title says it all. In fact, this site does a 
great job collecting protocols and tips for 
rapid introduction of DNA into yeast. 

tended their open 
and sharing culture to the Internet. Here are 
a few of the inany sites on  the Web: 

Gottschling Lab Home Page 
www.fhcrc.org/-gottschling/homepage.html 
This site has a nice collection of core yeast 
protocols with links to other yeast lab sites. 
By visiting a few of these lab home pages, you 
can find many useful techilical tips. 

-Robert Sikorski and Richard Peters 
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