PCR on a Roller Coaster

The polymerase chain reaction (PCR) has
been a wildy successful and commonly ac-
cepted method for
|[SIGHTINGS | “amplifying” seque-

nces of DNA—Iike
a photocopier for molecular biology. It is
typically performed in conventional thermal
cyclers where, over time, the sample reaction
mixture is taken through different tempera-
ture states: an annealing stage (~55° to
70°C), an extension stage (~72°C), and a
denaturing stage (~94°C). This thermal
cycle is repeated about 20 times or more,
which takes approximately 1 hour to com-
plete. It turns out that the majority of the
time is used for setting the temperature to the
correct set point. Manufacturers of thermal
cyclers are constantly improving the elec-
tronics used for thermal control to try to
speed up the process.

A report published last month in this
journal describes an apparatus that speeds
up the process at least 10-fold (). Instead
of using time to cycle the temperature of
the reaction mixture, the authors used
space by keeping the temperature constant
over time at different locations on a glass
chip and moving the sample through the
individual temperature zones [see figure 1
of Kopp et al. (1)]. The amount of time
required for samples to reach a new tem-
perature depends only on how fast they
flow to the next temperature zone and how
quickly the heat dissipates. In the system
used by Kopp et al., the time needed for
heating and cooling the sample is less than
100 ms. As proof of principle, these im-
provements in time delays allowed the re-
searchers to perform 20 PCR cycles in about
4 min and yield sample quality and quantity
similar to conventional thermal cyclers, as
determined by slab-gel electrophoresis.

The glass chip is fabricated from Corning
0211 glass and has three well-defined tem-
perature zones kept at 60°, 77°, and 95°C by
copper blocks controlled with a thermostat
and monitored by digital temperature con-
trollers. The sample is hydrostatically pumped
through a single channel (40 um by 90 um by
2.2 um) etched into the glass chip. A glass
cover plate is placed on top of the chip, and
two precision syringe pumps deliver the
sample and the buffer solution through holes
drilled in the cover plate, while the product is
collected at the outlet capillary. Very small
sample volumes, on the order of a few
nanoliters, can be run through this system.
Because several samples can be run in tandem
(provided that some buffer separates the
sample plugs), the throughput of a single de-
vice can be greatly increased. The authors did
not notice any cross contamination between
samples, even without major cleaning. They
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used three different methods to make sure that
the sample components (DNA and Taq poly-
merase) did not stick to the glass capillary
walls: the walls of the chip were silanized with
dichlorodimethylsilane, a zwitterionic tricine
buffer was used, and a nonionic surfactant
(Tween20) was added to the PCR mixture.

One drawback of this apparatus is that the
thermal cycling is determined by the pattern of
the channel passing through the temperature
zones, so a new glass chip has to be etched for
each cycle pattern. For instance, to perform 40
cycles would require etching a glass chip with
40 revolutions through the temperature zones.
The cost for each etched glass chip is $500 and
for the entire apparatus is $4,000 (2).

Applications of this apparatus may have
the greatest impact in the field of medical
diagnostics, where quick answers are needed
for administration of treatments. For in-
stance, one can envision using this system to
determine antibiotic sensitivities in micro-
organisms instead of starting the patient on a
broad-spectrum antibiotic regimen while
waiting for bacterial culture and sensitivity re-
sults. In the not-so-distant future, individual-
ization of drug therapy based on a patient’s
genetic make-up and his or her ability to me-
tabolize specific drugs (pharmacogenomics)
could also benefit from this speedy apparatus.
Finally, thisroller coaster—type system can also
be applied to other reactions besides PCR,
where a significant amount of cycling is re-
quired; for instance, this system could be ap-
plied to self-activating enzymes or cyclic elec-
trochemical reactions.

—Richard Peters and Robert Sikorski
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Homing Viruses

Everyone who uses mammalian cell cultures
must have asilent envy of colleagues who make
their living studying
| SIGHTING SJ processes in simple
organisms. Systems
like yeast offer robust molecular genetic tools
that allow creation of informative mutants at
any defined locus. From total gene knockouts
to subtle missense alleles to large chromo-
somal deletions, a genetically manipulatable
system can yield a wealth of useful data with a
modest amount of effort.

The cellular process that makes targeted
genetic manipulation of an organism possible is
a high frequency of homologous recombina-
tion when exogenous DNA is introduced. In
yeast, an experiment can easily be designed

in which virtually 100% of all selected events
are homologous recombinations. The fre-
quency drops precipitously when one moves
up the evolutionary ladder to mammals. In
normal human fibroblasts, homologous re-
combination events can be had at a frequency
of only ~1 x 107 (I). In transformed cells
(HeLa), the frequency is about the same (2).
Turning to mice, embryonic stem cells that
will target to a frequency of about 1 in 1 million
can be isolated. Coupled with a selection, the
mouse targeting frequency is high enough to
be used for generating novel, genetically ma-
nipulated mice.

But many scientific questions would be
answered if there was a method for high-
frequency introduction of mutations into
human cells. Genes in the cell-cycle path-
ways come to mind as obvious molecules to
tamper with. [s there any way to manipulate
DNA so that it will home in to its homolo-
gous partner after it enters a cell?

The lab of David W. Russell at the Uni-
versity of Washington may now have come
to the rescue (3). Russell and his colleague
Roli Hirata have succeeded in uncovering a
peculiar ability of adeno-associated virus
(AAV) to increase human gene targeting by
orders of magnitude.

AAV is a 4.7-kb single-stranded DNA
virus that sometimes integrates into the host
genome. Introduction of mutations in the
viral Rep protein can cause AAV to inte-
grate randomly at many sites throughout the
genome. Given this property, AAV has been
used to transduce genes into cells. Curiously,
it wasn't until the study by Russell that some-
one looked carefully with molecular probes
to see where these transduced genes were
going. Surprisingly, the AAV passenger
genes were recombining at a very high fre-
quency with their cellular homologs.

Two genes were studied to measure the
rate of homologous recombination with AAV
vectors. HeLa cells containing an inactivated
[an insertion at base pair (bp) 39] copy of the
neomycin-resistance gene were infected with
recombinant AAV containing a mutant neo”
gene that itself contained a different mutation
(an insertion at bp 648). Intragenic recombi-
nation between these two alleles in vivo
would produce an active neo” gene, a readout
for homologous recombination that confers
(G418 resistance in mammalian cells. After
infection and selection, G418-resistant colo-
nies were screened by Southern (DNA) blot
analysis to look for targeted events. Amaz-
ingly, simple infection with these high-titer
virus constructs yielded as high a rate as one
correct targeted event in 500 HeLa cells.

The second locus examined for targeting
was the normal, X-linked HPRT gene.
HPRT-deficient cells are easily selected in
medium containing 6-thioguanine, providing
a convenient assay for gene targeting at a
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