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REPLICATING THE REPOfflR: LIFE AmR PCR 
In this issue of Bio/Technology, Paul 
Lizardi and his colleagues at the Re
search Center for Genetic Engineer
ing and Biotechnology (Cuernavaca, 
Mexico) and Fred Kramer (Public 
Health Research Institute, New York 
City) describe a new approach to nu
cleic acid amplification based on the 
replication system of bacteriophage 
Q~. Studied initially by Sol Spiegel
man in the mid 1960s, the RN A poly
merase (replicase) of this phage pos
sesses some unique features, which 
have been elegantly exploited by Li
zardi et al. to exponentially amplify 
probe sequences rather than target se
quences as in the polymerase chain 
reaction (PCR). 

RN A synthesis by the replicase is 
literally autocatalytic. Highly specific 
single-stranded RNAs serve as tem
plates for the synthesis of comple
mentary single-stranded products. 
After the completion of product
strand synthesis, the template and 
product are released from the repli
cation complex. Both strands can 
therefore serve as templates in the 
next round of synthesis. Consequent
ly, as long as there is an excess of 
replicase, the number of RNA 
strands increases exponentially. As 
little as one molecule of template can 
initiate replication. 

To take advantage of these proper
ties, the researchers designed a bi
functional RNA that is both a specific 
hybridization probe and a template 
for the replicase. They accomplished 
this by inserting the probe sequence 
within a hairpin loop that occurs on 
the exterior of MDV-1 RNA, a natu
ral template for the Q~ polymerase. 
Such recombinants hybridize specifi
cally to DNA containing sequences 
complementary to the probe portion 
of the molecule, despite topological 
constraints on the probe domain, and 
are replicated at the same rate as 
MDV-1 RNA despite their additional 
length. A replicase reaction initiated 
with 0.14 femtograms of recombinant 
RNA (1 ,000 molecules) produces 129 
nanograms of recombinant RNA 
product (a billion-fold amplification) 
in 30 minutes. The amount of prod
uct generated is large enough to be 
measured by simple colorimetric 
techniques. 

An additional kinetic feature of the 
reaction-particularly attractive for 
designing multiple-diagnostic as
says- is that after enough product 
has been generated to saturate the 
replicase, the amount of RNA synthe
sized is linearly proportional to the 
logarithm of the initially bound RNA. 

This dramatically extends the dynam
ic range of any assay system. For 
example, after hybridization with a 
recombinant probe, two targets ini
tially present in amounts differing by 
1,000 would, following amplification, 
generate reporter-RN As whose 
amounts differ by only three-fold. 

Although not yet reduced to prac
tice, such an assay is easy to envision. 
MDV-1 RNAs containing different 
probe sequences would be mixed with 
a sample DNA. Following hybridiza
tion, unbound probe would be re
moved by washing, and after amplifi
cation the product RNAs would be 
hybridized to a strip containing ex
cess target DNAs. Given the large 
amounts of RNA generated, detec
tion might be as straightforward as 
dipping the strips into a solution of 

PIOIIII BIii IBIIG 

ethidium bromide. 
There is however one obstacle that 

must be overcome before this poten
tial can be realized. As with any signal 
amplification scheme, the replication 
of non-specifically bound probes re
mains a problem. But methods in
volving DNA capture, such as sand
wich hybridization, or those based on 
a conformational change of the 
probe-containing MDV-I that is cou
pled to capture or signal-generation, 
have the potential to dramatically re
duce the background caused by such 
non-specific replication. 

This problem notwithstanding, the 
Q~ amplification system is extremely 
sensitive and rapid, and represents a 
new and powerful approach to nucle
ic acid probe-based diagnostics. 

-Harvey Bialy 

DESIGNING ANTIGEN-BINDING 
FRAGMENTS-THE CREATIVE WAY 
NEW YORK-Monoclonal antibod
ies show great promise as in vivo diag
nostics and therapeutics. Their clini
cal usefulness, however, tends to be 
limited by their persistence in the 
circulation and their immunogenic
ity. Smaller versions of whole anti
bodies, it is predicted, should be as 
specific for target sites, but less im
munogenic and shorter-lived. 

Scientists at Creative BioMolecules 
(Hopkinton, MA) have engineered a 
single chain biosynthetic antibody 
binding site (BABS™) that is only 
one-sixth the size of the parent, but 
retains its antigen-binding specificity. 
The biosynthetic single chain protein 
binds to digoxin, a cardiac glycoside. 
According to James Huston, a senior 
scientist at Creative, the synthetic 
binding site incorporates the natural 
antibody's heavy and light chain vari
able regions (VH and VL) connected 
by a IS-amino acid linker. 

Creative scientists designed the 
synthetic gene for the variable region 
fragment plus linker, derived the 
DNA sequence, assembled the gene, 
and expressed it as a fusion protein in 
Escherichia coli. (For details see J. S. 
Huston et al., PNAS 85:5879, '88.) 

Huston says they chose the anti
digoxin antibody as a model because 
it is particularly well-characterized 
and families of analogs are available. 
This simplifies analysis of the binding 
site's structure. Anti-digoxin antibody 
has also found clinical utility: it is 

used to reverse acute toxicity in hu
mans. 

Genex scientists (Gaithersburg, 
MD) have also designed and patented 
a single chain antibody (see Bio/Tech
nology 4: 104 I , Dec. '86). According to 
Creative's Thomas G. Tachovsky, 
Genex scientists used a computer 
model and amino acid data base to fit 
existing amino acids into the de
signed linker region betweeen the V H 

and VL genes; Creative scientists, on 
the other hand, generated the linker 
sequence from first principles. "We 
designed a synthetic linker, rather 
than looking at a natural analog for 
the linker," explains Tachovsky. 

The next step is to alter individual 
amino acids in the BABS fragment to 
see what effects this would have on its 
binding specificity. Among the family 
of anti-digoxin molecules already 
available, says Tachovsky, is one con
taining a single amino acid change in 
the binding site that results in a three
log difference in its binding affinity . 

"By engineering these molecules, 
one can rapidly change their charac
teristics to suit a particular purpose," 
explains Tachovsky. For instance, 
BABS fragments might be at least as 
effective in immunoaffinity purifica
tions as the monoclonals used today. 
By engineering the binding site to 
bind its ligand a little less tightly, it 
might be easier to remove a purified 
entity from the column. 

-Jennifer Van Brunt 
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