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Nucleic acids: the leading edge

Kasirajan Ayyanathan

Recombinant-DNA technigues have be-
come indispensable tools in molecular
biology. One of the recent techmques,
viz. polymerase chain reaction (PCR}), is
revolutionizing the entire field. It is so
powerful that cloning and expression of
any gene of interest tekes only days and
not months or years. PCR technology
has also been used successfully in
diagnosis of pathogens such as bacteria,
viruses and parasites. Another new
development is antisense technology.
Antisense RNA and/or DNA oligonuc-
leatides are ysed to control specilically
the expression of a particular gene.
Antisense technology relies on the
synthesis of modified oligonucleotides
that can penetrate the cell and also
resist the action of endogenous nu-
cleases. Recent advances in these front-
line areas were discussed in a meeting at
San Dhego, USA (20-22 November
1991), organized by the American Assp-
ciation for Clinical Chemistry. It was
one of the rare meetings in which more
than eighty per cent of the participants
(invited speakers and poster presentersj
were from industries involved in apply-
Ing various agpects of nucleic-acid che-
mistry tn research.

PCR involves thermal cycling in
which dcnatyration of the t(emplate
DNA is carricd out at a very high
temperature (93°C), annealing of the
oligonucleotide primers to the single-
stranded templates js carried out at a
moderate temperature (a few degrees
below the T of the primers), and
extension of the primers is carnied out
at 7127 C (uptimum temperature {or Ty
DNA polymerase). Repeating this pro-
cess of denaturavon, anpeafing and
extension Mmuny tmes fesults iy the
amphficenion of the template a midlion

fold, PCR finds immense use in the
cloning of genes and in diagnostics (R.
Saiki, Cetus Corporation, Emeryville,
USA).

An afternative technology, wiz.
ligase chain reaction (LCR), which finds
use only 1n diagnostics, was also
discussed (K. Backman, Omnigene,
Cambridge, USA), In LCR, the reaction
mixture contains four primers repre-
senting adjacent sequences on two com-
plementary strands and a thermostable
DNA ligase. The processes of denatura-
tion, annealing and jolning are repeated
in many cycles. The result of each
ligation event is an approximate doubl-
ing of target-equivalent molecules. Re-
petition of this process resuits in an
exponential accumulation of 1arget-
equivalent molecules,

Efforts are being made to develop
isothermal amplification methods. One
such method is nucleic acid seguence-
based amplification {NASBA). Three
enzymes, viz. reverse transcriptase,
RNase H and T7 RNA polymerase, and
two specific primers, Pl (which also
contains @ T7 promoter sequence) and
P2, work together to amplify a specific
nuclejc-acid sequence In excess of 108
fold, This method has been sutcessfully
used 1n dragnosis of the human immu-
nodeficiency virus HIV-1 (L. Malek,
Cangene  Corporation,  Mississduga,
Canadal.

An attractive strategy for detecting
tnfectious organisms s devised by jomntng
a probe sequence with the sequence of a
replicatuble RNA which tan be amphficd
exponentially  after hybridivation. The
usefulness of thiy approach v demon-
strated by embedding & probe sequence
thay HIV-1) wahin the sequence of 4
repheatable RNA of the Qff v
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These recombinant RNAs hybridize to
target nucleic acids as do ordinary
prohes and these probe-target hybrids
are then separated {from the nonhybri-
dized probes by capture hybridization.
These captured recombinant RNAs can
be amplified exponentially by incuba-
tion with Qf replicase (an RNA-
dependent RNA polymerase) and then
detected by uswal procedures (F. R.
Kramer, Public Health Research Insti-
tute, New York, LISA).

One of the persistent problems asso-
Clated with PCR is carry-over ar crass-
contamination. This can result in a
number of false positives in djagnosis.
Twa existing, but ineflicient methods for
overcoming this problem are¢ the enzy-
matic method and the chemical method.
In the enzymatic method,. dUTP s
substituted for dTTP in the extension
reaction. Thus, after PCR, the reaction
product is treated with uracil DNA gly-
CﬂS}‘]ﬂSt, which cleaves at the dUTP
residues, and thus carry-over of the PCR
product is prevented. In the chemical
method, the PCR produet s treated
with IP-10, an isopsoralen derivative,
Upon exposure to UV light, P10
reacts with pynmidine bases and forms
cyclobutane adducts. This modificd
PCR product is refractory to amplih-
cation by Tuy DNA polymerase. An
cflicient, cost-¢flective altermative me-
thod is the Trple-C primer method
{Triple-C stands for carey-over contami-
attiowr contral). These novel primers
contatn a 3 rhose reaidue, the exten-
s100y of which generates & cleavable
RNA lUnhage. The cleavage of pramers
from the amplicen cither with base or
with RNLse prevends further gmplifica-
ton {8, 1 Harmon, InteRtdated DNA
Technologes, Corabville, USA)
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A major obstacle in the use of these
amphiication technologies 1o diagnostics
is the difficulty associated with analysis
of the amphified products using agarose
gel electrophoresis. A novel method has
been developed by coupling PCR and
electrochemiluminescence (ECL). In this
method, one of the PCR primers carries
biotin at the 5 end. A third oligomer
labelled with ORIGEN (an N-hydroxy-
succinimide ester of Ru II label), which
can bind to the strand containing the
biotin label, is uwsed in the PCR
reaction. After the reaction is com-
pleted, the strand carrying the biotin
label, which is aiready hybridized to the
ohgomer carrying the ORIGEN label, is
captured using streptavidin-coated mag-
nettc beads. The light genecrated by
these hybrids can then be easily detected
{S. Gudibande, IGEN, Rockville, USA).
Another attractive method is enzymatic
detecion of PCR (ED-PCR), wherein
one of the PCR primers carries a biotin
label and the other carries a hapten.
This method 1s based on capture of
amplified products via biotin-strepia-
vidin affinity and detection of an in-
corporated hapten in the amplified pro-
ducts with enzyme-tagged antibody.
This method has been successfully used
in detection of methicllin-resistant
Staphylococcus aureus (S. Nakagami,
Wakunaga Pharmaceutical Company,
Hiroshima, Japan).

Other DNA diagnostic methods, not
based on PCR amplification, have been
developed. A novel method for rapid
analysts of sequence variations in ge-
netic defects combines dideoxy sequenc-
mg with d'goxigenin (DIG)-labelled
primers and detection of the sequencing-
reaction products, after electrophoresis
and transfer onto a positively charged
nylon membrane, using anti-DIG anti-
body coupled to alkaline phosphatase
(C. Kessler, Boehringer-Mannheim, Penz-
berg, Germany). Another method is
Ampliprobe-one step. This method is
based on hybridization of target-specific
primary probe to the target sequence,
followed by hybridization of a target-
indepeadent, enzyme-linked secondary
probe to common regions of the pri-
mary probe (L. A. Qjert, ImClone
Systems, New York, USA).

PCR and other, related amplification
strategies are always not suitable for use
in epidemiological surveys and mass
diagnosis for reasons of cost-effective-

ness and feasibility. A novel nonradio-
actve  DNA  diagnostic method for
detection of Plasmodium fulciparum In-
fection in blood samples has been
developed using a single ohgonucleo-
tide probe, whose sequence is repeated
many times in the parasite’s genome. In
this method, a drop of blood from a
inger prick is lysed and parasite DNA
is hybridized to bioiinylated oligo-
nucleotide probe 1n solution. The hybnd
DNA is capiured by the oligonucleotide
immobilized on microtitre plates. The
biotinylated oligonucleofide retained on
the plate is assayed by streptavidin-
alkaline phosphatase conjugate. This
method can be of general application
for detection of any pathogen i1n blood
or other body fluids (K. Ayyanathan
and §. Datta, Astra Research Centre
India, Bangalore, India). A novel strategy
for detection of human hepatitis B and
C virus particles directly in human
serum or plasma makes use of branched
oligonucleotides that are designed to
contain a untgue primary segment and
a set of identical secondary {ragments
covalently attached to the primary
sequence through branch points. These
secondary fragments serve to amplify
the signal in hybrnidization assays (M. S.
Urdea, Chiron Corporation, Emeryville,
USA).

Antisense technology relies on deve-
lopment of new chemistrys {or synthesis
of modified nucleotides. Efforts are
being made towards developing ana-
logues that bind effectively to specific
IDNA or RNA targets and yet are more
resistant to nucleases or more efficiently
taken up by cells than their natural
counterparts. Synthesis and hybridiza-
tion properties of a number of oligo-
nucleotides bearing modifications of the
phosphorus backbone have been re-
ported. These analogues include phos-
phorothioates, phosphoramidates, phos-
photriesters and oligomers with cationic
or highly lipophilic substituents such as
cholesterol. It was observed that hy-
bnidization kinetics was  altered by
catlonic substituents and that inhibition
of HIV in cell culture was augmented
by a cholesteryl substituent (R. L.
Letsinger, North-Western University,
Evanston, USA),

Nonicnic oligonucleotide analogues
with methyl phosphonate backbone
have been synthesized and studied
extensively for duplex stability, pharma-
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cokinetics and oOther parameters. This
family of modified oligonucleotides 15
known by the acronym Matagen, ie.
masking tape for gene expression. One
specific application of Matagen in bi-
clogical systems was illustrated by
showing imhibition of herpes simplex
virus (HSV-1) (P.O.P. Ts'Q, Johns
Hopkins University, Baltimore, USA).
Considerable progress has been made n
synthesis of modified oligonucleotides,
e g. methyloxodeoxycytidine analogues
{(MODA), which have enhanced biolo-
gical efficiency. These analogues have
been shown to exhibit efficient strand
switching (3'-3" switchback) recognition
and inhibitton of transcription at various
pH values. In combination with alky-
lators such as formacetal, these modified
coligonucleotides yield cross-linked target
DNA (M. D. Matteucci, Gilead Sciences,
Foster City, USA).

Modified oligonucleotides find use in
selective inhibition of gene(s) in biolo-
gical systems. One specific example is
the antisense inlubition of ras p21
expression. A single point mutation in
the 12th or 61st amino-acid coding
region transforms the normal c¢-ras
pretooncogene. Efforts were made to
revert the transformed phenatype of
tumour cells using anti-ras methyl
phosphonate oligonucleotides (ONM Ps),
which were designed to interact with ras
mRNA specifically at the 12th amino
acid or at the 61st amino acid coding
region. The inhibitory effects of these
oligonucleotides were momitored in a
rabbit reticulocyte lysate in vitro trans-
lation experiment with ras transcripts as
templates. At 150 uM concentration of
these two oligonucleotides there was
greater-than-95% inhibition of synthesis
of p21 protein (E. H. Chang, Uniformed
Services Untversity of the Health Sci-
ences, Bethesda, USA).

Though dramatic tmprovements have
been made in these nucleic-acid tech-
niques, viz, amplification and antisense
technology, in the recent past, they still
remain in the rtealm of laboratory
practice. Constderable efforts should be
made to simplify these techniques so that
they can be efficiently used to diagnose
diseases and control them.
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