
Automating a Mouse 

There is a powd11 force weep* through 
much of biological science: Automation. 

r Spurred by the con- = vergence of robot- 
ics* W e ,  ilnd 

molecular biology, automation is d m -  
ing entire fields, 

Given an automated solutian to a prob- 
lem in m01ec:uk biology, scientists can ask 
big questions: 'What if we sequenced every 
gene in ~~ XI What if we made bil- 
lions of c o m ~  to lmk for drug mgea 
fur receptor Y Z What if we isolad every ZF 
Now a group at Lexicon Geneti- (1) b 
ask& anorher bold question: "What if we 
could systematically create mouse strains 
with knockouts of every me?" 

*re is great interek i;; dmqtingsne in 
the mouse gemme and analyzing the resuitant 
phemqpG. cxten, t h e  kn&t mi= *id 
clues for unraveling the behind 
h c a n a n h .  Kn&koutmice,pr&darly in 
the field of&mcet ptovide dues to am- 
plex pathways b t  can dY be &ed in the 
intact mpnim. However, creating a hockout 
mouse can be laborious. The DNA ummxts 
mustbecaddlydesgnedmsemastargeting 
vectors. This step itself can requize signifcant 
effort, involving gene mapping and multiple 
clonmg steps. Next, m h i c  stem c$ls must 
be manipulated to produce clones with i d -  
v idd gene - events. Positive clones 
are then i n d d  into mice where breeding 
m u s t b e d o I l e m k . l d r f b r i n ~ o f t h - e  
l~ll-inmthegermline. 

To begin ta automate @is process, Lexi- 
con Geneties looked at the underlping p& 
lem differently. h e a d  of making just one 
Benoekout msuse for eaeh gene, they decided 
to m&e a lib- of randomly muagenized 
mouse cell lines hum which individual mu- 
tant strains of m& could be generated. 

They first designed a new vetor system 
&at could be randomly integrated into the 
mouse gemme. A selectable drug marker, 
puromycin, mms placed downsrrert~n of a 
stroqg and fairly ubiquLt[ws pmmater, that of 
the PGK gene. A casemus splice donor se- 
quence was engineered at the end of the 
PGK gene. By its&, this p h i d  will not 
confer purmych twistawe, became it lacks 
any 3' polydenylazion sequences. However, 
upon integration into a marse gene, the 
sp l i cedonorcanse~e~awa~tn l ink toa  
downstream acceptor and f m  a functional 
messenger RNA. The result is a puromycin- 
resiserntcl6~. . 

In pradat the researchers employed 
both elaxmpomrim ian r ~ v M  delivery 
strategies to produce a bPrnk of embryonic 
stem CES) cell elm. They d y a e d  3000 
idvidcral clones h detail, by isolating the 3' 
itwe* junctions with p o 1 ~ -  chain 

reaction (a) a d  gw.&ming sequence 
analysis on the DNA, which dxy termed 
Qmnibilnksequewemg$ (OSTs). Chapad- 
son of these OSTs to existing DNA data- 
bases gave interesting results. A b t  18% of 
the sequences seemed to match a h d y  
krown genes, 10% matchad human or ro- 
dent expremed sequence t a ~  (ESTs), 10% 
matched repetitive gawmic elements, and 
6 1 % of the seqwxs  were unique. The lat- 
ter is important, as it suggests that random 
~ a e ~ ~ i n g o f ~ s c a n b e a g o o d ~ t o  
expand databam of rmwcribed gems. 

Zamhrowica at d. ( I )  described one tar- 
geting event that occurred in the Bruton*s 
tyrosine kinstse locus. Sou& bbts 
showed that the inserted DNA disrupted 
t h i s  gene by inserting into the first k w m .  
In fact, they could show &at 4496 of dl 
inserthns in knawn genes d within 
3% nwleotides of the 5' end of the DNA. 
Thus, for creating gene inactivation mum- 
tiam, the closer & insertion is to the 5' 
end, the better. 
Using a 96-well format, the aiurhm claim 

t h q  @an process 500 mutant ES cells per 
d But just how rnany clones wmid be 
II& for a complete lcnockmt library? To 
get a clue, they Eoaked fa knockouts in a 
gene for which tlme null phenotype could be 
w i d f  H.p. They estimate tfiat it to& 
801000 unique insertiom 6 produce ow 
H p n  disruption event. 

Witk its h i  selectivity for identifying 
tmweribedsepuences, the Lexieon gene trap 
procedu~e can have broad applicability. For 
creating populations of h&ut mice, the 
technique seems scalable. It will be a chal- 
lenge now to finish a libmy's worth of ell 
lines, C h e  in hand, investigators shcwtd be 
ribte to use PCW-baaed strategies to identify 
clones with insertions in their favorite gene 
and move on to the proces of creating new 
m a w  strains. 

-Rh)bert Srkmki and %:hard Peters 
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Ionizing radiation kills cells largely by its ef- 
fect on DNA, in&@ various lesiwas such 

as strand breaks, 

j base m a c a m  
and MA-pratein 

c r ~ l ~ .  The current methods for 'bewar- 
ing D M  lesions c a d  $ ionizing radiation 
axidst of assays thaf bve limited detection 
+ilitt%s. These r&iques incl& 
e h r o m a ~ h y ~  ~~~tromegy,  high- 
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p d o m c e  liquid c h r m h y  4 
(with elecaochemical and mass spec- 
tmmetty detection), ~ ~ h g ,  and i m u -  
noassap. These techniques are not sensitive 
emugh to measllre the &a of low-level en- 
vironmental radiation, and in some eases, 
can introduce oxidative DNA lesions 
through the sample manip&tion itself. To 
date; scientists have cumvented sensitiv- 
ity limitation of available techniques by ex- 
posing cells or whole orgm$ms (that is, ro- 
dents) to radiation doses seveml orders of 
magnitude higher than ClInimlly relevant 
dmes. T h q  then extrapolate back from the 
dose-response awes to pastulate on the ef- 
fect that low-level radiation may have on 
biological systems. 

AreporrinthisissueofScimxmay change 
all of this d &w scientists ta monitor the 
actual effect of low-level DNA-dam@ng 
agents (wch its ianiaing tadiation or ca~einOr 
gem) with a sensitivity that was not possible 
before ( 1 ) .  The system relies on the we of 
momclonal antibodies which recognize spe- 
cific DNA lesions, Far instance, the mthors 
used ntouse antibodies to 5 , 6 - d i h b - 5 , 6  
djhydrathpmine (thymine g+ol), a -specific 
product of midative damage in DNA. They 
alsousedasxondaryantibadylab$e$with 
tehmethy&&e, a flu-t probe. 
For the qmation of mokuiar entities, capil- 
lary electrophoresis was employed, because 
this technque allows fast sample resolution 
d reqim little amount ufsample material. 
Laser-induced fluorescence measurement was 
4 for detection, b this technique 
provida selective excitation of the analyte to 
avoid h d f e t . e a ~ c e s  and, hence, ~ v i d e s  a 
verg semitiwe way for makulg quantitative 
measurements. Altogether, the high degree of 
specificity p i d e d  by the monoclonal anti- 
body to a single DNA lesion combined with 
the high sensitivity of the sepationldettec- 
tiwo systtm yielded daectionliits in the 1V2' 
molar range (zeptomdes). Remarkably, sam- 
ple mm$d&m is limbd to DNA ex-- 
tim, incuba- with m t i ~ i e s ,  d capil- 
lary elec-is; as a berms, only mo- 
gram 'cmmunm of DNA ate needed. Althfxgh 
pulse-fidd gel electmphomis and singleell 
gel ele-is are also sensitive m e w  
their use is principally. limited to the meastrre- 
ment ofDMA strand breaks. %, the approach 
d&bedbyLeaal. (I) rqmxnts anim- 
pmvementaf4to5ordesinfQagnitudecom- 
papal t~ cu~ently avabbte techniques for de- 
t e c t i m d D N A h  

As pmof d principle, the authors tad 
their new m e W  with d u i a r  DNA and 
naked DNA. They exgsed A549 human 
lung aeinoma cells to 0.05 Gy and detected 
4 3  thymine giycoIs per 109 bases, with a 
detection limit of 1 thymine glycal per lo9 
b-. When these results were compared 
with naked DNA, eitfia extracted &om 
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A549 cells or using calf thymus DNA, they 
found that cells provide about 100-fold pro- 
tection to their DNA. They also applied the 
method to demonstrate that eukaryotic cells 
turn on inducible DNA repair in response to 
low-level irradiation. A549 cells treated 
with 0.25 Gy 4 hours before a 2-Gy irradia- 
tion showed an enhanced rate of initial 
thymine glycol removal compared to A549 
cells that were not pretreated. 

Armed with such a specific and sensitive 
assay, one can only begin to imagine some of 
the possibilities. For instance, scientists 
should more easily detect the type and fre- 
quency of DNA lesions in living tissues after 
exposure to environmental radiation or 
chemical carcinogens. Monoclonal antibod- 
ies targeted at other base lesions could be 
used to look at a series of DNA or RNA 
lesions. The system could also be used to 
monitor protein adducts or drug metabolites, 
as long as monoclonal antibodies are raised 
to specific moieties. There is little doubt 
that, over the forseeable future, we will see 
an explosion in the number of reports mak- 
ing use of this seminal technique in the vari- 
ous fields of life sciences, from toxicology to 
molecular biology. 

-Richard Peters and Robert Sikorski 
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Internet Connectivity 

Over the Dast few months. we have looked 
into the &tails behind a variety of Internet 

topics, ranging from I N ET T l PS I opening files trans- 
ferred via the Inter- 

net to finding sites on specific topics. Al- 
though it is obvious that the Net will find an 
ever increasing role in the day-to-day activi- 
ties of scientists, it is not obvious today how 
anv eiven scientist will actuallv connect to 
thd i e t  in the future, particula;ly when the 
scientist accesses the Net from home. 

For discussion purposes, all of the hard- 
ware and software involved in a typical user's 
access to the Internet can be grouped into a 
client (your PC), a connection (hardware 
and software for access), and a server. This 
month, we look into competing connection 
technologies that are likely to dramatically 
speed the way information is piped to your 
desktop. We organized the technologies in 
order of increasing speed, which is measured 
in Kbps ( 1000 bits per second). 

1. POTS. The standard "plain old tele- 
phone service" connection to the Internet is 
the slowest, but most ubiquitous. When you 

dial up to an Internet service provider (ISP) 
or your university, you are using POTS. Cur- 
rently, modems that run at 28.8 Kbps are the 
most common POTS gateways to the Inter- 
net. The top speed of modems today is 56 
Kbps, but they will only work at that speed if 
vour ISP has s~ecial  hardware on their end. 
so you should check into this before you 
make the investment. 56K modems cost be- 
tween $100 to 250 and work on a regular 
phone line. Several include ISPs include 
56K modem support in their basic pricing; 
others will charge about $10 more per month 
to provide 56K access. 

2. ISDN. An integrated services digital 
network (ISDN) connection to the Internet 
can usually be obtained from a local tele- 
phone company. ISDN coverage varies 
greatly around the country and you should 
contact your local phone company to check 
for availability and pricing. Once in service, 
an ISDN connection can be treated like an 
additional phone line and used for making 
ordinary calls. For the Internet, the use of a 
special modem connects a computer to an 
ISDN line and the Internet at maximum 
s~eeds  of 128 Kb~s .  A nice feature of ISDN is 
that you can split it into different channels, 
allowine vou to access the Net and make a " ,  
telephone call at the same time. ISDN mo- 
dems can be difficult to set up and configure, 
and the monthly service fees can be expen- 
sive. An ISDN adapter costs between $400 
to $800. The set-up fee that your local 
phone company will charge is about $100, 
then you will have to pay them $10 to $20 
per month. Your ISP also has to support 
ISDN and will charge you between $20 to 
$40 above their basic service rate. 

3. Satellite. Next on our list of connection 
options is the use of a small, 21-inch satellite 
dish. Although this may sound high-tech, 
the service does exist as a commercial prod- 
uct and is accessible throughout most of the 
United States. The advantage of satellite- 
based Internet connections (400 Kbps maxi- 
mum speed) is that there are few geographic 
limitations to their use. Yousimply point the 
dish at a defined angle and direction in order 
to target the service provider's orbiting satel- 
lite. Then. vou install a card in vour PC that . , 
connects the dish to the computer. Satellite 
Internet connections won't be cheap, since 
you need a POTS connection as well. A 
phone connection is also needed because the 
outgoing request is actually sent via a POTS 
line. In fact, all outgoing messages-includ- 
ing file transfers-must be done through the 
slower phone connection. Depending on 
quality of access, service can cost from $100 
to $200 per month. 

4. Cabk. The same cable that delivers TV 
channels to your home can also deliver high- 
speed Internet connectivity. Speeds obtained 
by a cable modem connection are impressive 

and can theoretically reach 10 Mbps. Cable 
modems use co-axial cables to transmit data. 
The effective download speed is between 1.5 
to 3 Mbps, rivaling the speed form T1 lines. 
The speed for uploading documents is usually 
less than that. The major drawback of cable 
modems is their lack of availability. Many 
areas are not yet wired with the fiberoptic 
network reauired to run cable modems. While 
your speed will be less depending on how 
many multiple users are configured in your 
neighborhood, cable modems provide the 
fastest access in the home setting. A cable 
modem may even be faster than the access a 
scientist has in their university lab. Another 
bonus is that you don't have to dial up to 
connect a cable modem to the net. It is always 
on. Given their rather inexpensive price, less 
than $50 per month (with the cable TV chan- 
nels), this method is hard to beat. 

5. DSL. The digital subscriber line is a ser- 
vice that is provided by your telephone com- 
pany. Withmaximumspeeds at about 8 Mbps, 
a DSL line is similar to a cable modem. DSL 
uses conventional copper phone lines. There 
are several DSL varariations: high-bit-rate 
DSL (HDSL), symmetric or single-line high- 
bit-rate DSL (SDSL), very high-bit-rate DSL 
(VDSL), dedicated ISDL DSL (IDSL), and 
asymmetric DSL (ADSL). Set-up fees and 
modem charges can total $1000 and monthly 
charges are about $200 per month at the mo- 
ment. Like cable connections, a DSL line is 
always live on the Net. DSL service is limited 
and can be expensive to set up, but this tech- 
nology has the potential for widespread use. 

6. Intemet2. The Internet is being rede- 
signed by a group of more than 120 U.S: 
universities with the goal of providing high 
bandwidth connections that can be used for 
research purposes. Internet2 will not replace 
the current Internet. but it will serve as a 
platform to achieve communications speeds 
that are 100 times faster than currently pos- 
sible. For more information, check out the 
Internet2 Web site at www.Internet2.edu. 
Here you can find out about current demon- 
stration projects that have applied Internet2 
technology to topics such as three-dimen- 
sional brain mapping, molecular modeling, 
microscopy, and virtual reality anatomy. 

-Robert Sikorski and Richard Peters 
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