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DNA duplicator small enough to hold in your
hand

11 January 2017
take place in the PCR procass,

Left-handed DNA is the mirror image of the DNA
tound in all living things. It has the same physical
properbes as regular, nght-handed DRA but it does
not participate in most biological reactions, As a
resull, when fluorescently tagged L-DMA is added
to a PCR sample, it behaves in an identical way 1o
the regular DNA and pravides a fluorescent light
signal that reports information about the molecular
reactions taking place and can be used to control
them.

In order 1o test thair idea, Adams and Haselton
Profotype adaptve PCR device. The smal sample in the  recruited Research Assistant Professor af Physics
o atad by an uiraviciet laser on the fght— yilliam Gabella te create a working prototype of an
P : __ adaptive FCR machine and then they tested it
specirapnoiometer on 1 } : : x
ZEE TR '“L. bl h cxlensively with the assistance of biomedical
LA guplicabtion process, Credit: Amae |-'!_':'5-:'."\-'_ - ] 2
engineenng undergraduate Austin Hardoastle.

A description of the techniqua and their test results
are described in the paper "Adaptive PCR Based
on Hybridization Sensing of Mimor-image L-DNA"

Imaging a "DMNA photocopes™ small enough to hold % ;
published in the journal Analytical Chemistry,

in your hand that could identify the bacteria or virus
causing an infection even befora the symptoms

appear. Although the technology is generally considerad to

be mature, PCR machines have proven to be
comphcaled to operate and hypersensitive to small
variations in the chemical composition of samples
and environmental conditions. That is largely
because there has been no direct way to monitor
what is taking place at the molecular level.

This possibility is raised by a fundamentally new
methad for controlling a powerful but finicky
pracess Called the polymerase chain reaction, PCR
was developed in 1983 by Kary Mullis, who
received the Nobel Prize for his invention_ 1t is
generally considered one of the most impaortant
advances in the field of molecular biology because
it can make billions of identical copies of small
seqments of DMNA so they can be used in
moecular and genalic analyses

As a result, the adaptive approach for controlling
the POR process promises to make it simpler to
operate, improve its reliability, reduce its sensitivity
to environmental conditions and shrink it from
deskiop 1o hardhald size, As a consequence, it
could free PCR from the laboratory setfing and
allowrs it 1o work i 1he field or at the bedside where it
could be used to identify different diseasas by thair
DA zignafures.

Wanderbilt University biomedical engineers
Micholas Adams and Frederick Haselion came i
with an oul-ol-the-box idea, which they call
adaptive PCR. It uses lefl-handed DNA (L-DMNA) to

moenilor and confrol the molecular réactions thal :
e difficulty lab technicians have operat ng currani
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PLCR technology was captured by Emesto Liamas, aat which double-strandad DMA separates into two

Ph.D. student at the Center for Research In
Agricultural Genomics in Barcelona, who draws
canoons about science on his Sketching Science
Facebook page. In a carloon titled, “PGR Pratocol,”
he shows a researcher running a sample through a
PCR machine, The panels are titled "get the
reagents; prepare the mix; set up conditions:
analyze: the gel, negative result; cry,”

"PCR machines are pretty finicky,” said Adams,
giving an example: "We have three commercial
FCR machines in our lab. For awhile one of tham
wasn't working. When we put identically prepared
samples in all three machines, two of them worked
and one didn't. As | was dscussing this problem on
the phone with one of the company’s fechnicians,
Shir asked me if the problem machine was within
aight inches of a wall. It turmed out it was.
According to the technician the wall was interfering
wath the: air fiow to the machine. She was right
because when | moved it out from the wall it began
working propearly!”

Laboratory technicians have found methods o
compansate for these problems. The machines are
kexpt in temperature-confrodled rooms, They purify
the DMNA samples so they have a uniform chemical
compaosition. Even so, it can take operators several
wireks to optimize the machines 1o run samples
from naw sounces. And, even when oplimized, they
mun samphes in triplicate, just in case one of them
tails

To appreciate Adams and Hasehton's innovation,
firsl you need to understand how PCR works.

There are five core “ingredients” required for PCR-
a DNA template to be copied: primers. short
sretches of DMNA that initiale the PCR reaction that
are designed ta bind to either side af the saction of
DA, that you want to copy; DNA nucleatide bases,
the building blocks of DNA that are needed to build
new sirands of DA, DNA polymerase, a spaecial
enzyme [hat builds new DNA strands; and a buffer
that provides the proper chemical conditions for the
reaction,

A sample contaming these ingredients is first
heated almast 1o fis hailing point, the termnperaturs

single strands: a process called denaturing. Next,
the sample is coaled to a temperature where the
primers attach to the single strands: a process
called annealing. Once the annealing is complete,
the temperature beging to rise and the DNA
polymerase automatically begins making new
strands of double-stranded DNA using the single
strands as tlemplates: a process called elongation.
The end result is bvo exact copies of the orginal
doubla-strandad DA

When the process is complete, the Cycla repeats:
The temperalure ramps up again to the sample's
boiling point, causing the two double-stranded DNA
to separate into four single strands which act as
templates. In this fashion, the two copies of DNA
become four copies, four copies become eight
copies and so on. The cycle is repeated as many
as 30 to 40 limes, producing mare than a billion
exact copies of the onginal DNA sagment.

Temparature and chemical composition are the
critical factors in the PCR process. The requirement
1o heat the sample 1o precise temperatures has led
to PCR machines with sophisticated heating
systems and heavy insulation. Nevertheless, small
changes in air circulation and room temperature
can throw them out of kilter. Similariy, variations in
the chemical cornposition of the samples can
significantly change the temperatures required for
thi various steps. For example, differences in
levels of salts, sugars and alcohols - chemicals
often used in sample preparation - all can alter the
temperature at which the DMAS attach and
dissociate. As a result, technicians must go through
an extensive calibration process fo optimize the
chemicals and cycle temperatures, and then
precizely maintain those conditions for each new

sample,

Adaplive PCR sidesteps all these variables by
reiying on the fluorescent L-DNA 1o determine the
ideal cycle temperatures for annealing and
denaturing. L-DNA sequences are commercially
available. 5o the first step is 1o order L-DMNA, with
the same sequence as the nghi-handed DMNA that
you want o amplify along with lef-handed primers
The L-DMNAS are ardered with a Nuorescent dye on
ane sirand and a "guencher on the ather strand.
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The quancher suppresses the fluorescence of the
dye. 3o, as the L-DNA sirands separate in the
tenaturing step, the quencher and dye also
separate which causes the luorescence level in the
sample to increase, By analyzing the rate of
change of the fluorescent level, a microprocessor
can determing when virtually all of the DNA has
sgparated.

Similarly, a dye quencher is attached to the lef-
handed primers. So as the process moves into the
anneahng slep and the primerns attach 1o the L-DNA
strands, the quenchers they carry bagin
suppressing the fluorescent dye on the L-DMA. This
provides a dimming signal that can be analyzed to
identify the point when the primers are attached to
wirtually all the DNA strands. The amount of L-DRA
in the sample remains constant from oycle 1o cycle
because it does not participate in the amplification
steq,

The researchers report that experiments with the
protatype system have demonstrated that the
technique duphcates the results of conventional
PCR machines in controlled conditions and can
efficiently amplify DMNA under conditions that cause
standard PCR to fail. "These advaniages have tha
potential to make PCR-based diagnostics more
accassible outside of well-controlied laboratories,
such as point-of-care and field settings that lack the
resources o aecurately control the reaction
temperature or perform high quality sample
prepanation.”

Vanderhilt Liniversity has applied for a patent on
adaptive PCR and its representatives are in active
discussions with several companies about licensing
the technology.

More information: Nicholas M. Adams et al.
Adaptive PCH Based on Hybridizalion Sensing of
Mirror-image-DNA, Analviical Chemistry (2017,
DO 10,1021 /acs analchem, 003251
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