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New molecular technology in laboratory animal
health monitoring

by S. Sanchez,
Department of Veterinary Pathology, The Royal Veterinary College, London, UK.

Since the introduction of immunochemical
techniques the basis of daily bench routine
in a microbiology laboratory has been little
changed. Nevertheless, turn-out times have
been much improved and computers speed
up the output of the results. However, dur-
ing the last several years there has been a lot
of excitement (1) generated in the clinical
microbiology community over the prospect
of using DNA probes to detect and identify
infectious microorganisms.

The basic principles of molecular biology
and several approaches towards the develop-
ment of specific DNA probes for infectious
agents will be reviewed in this article; com-
ments will also be addressed to the limitati-
ons and pitfalls of this methodology.

Basic principles

Deoxyribonucleic Acid (DNA) is a double
stranded helical molecule made up of small
units, the nucleotides, each of which consist
of a nitrogenous base (Adenine, Cytosine,
Guanine, Thymine) linked to a sugar (pen-
tose) which is in turn linked to a phosphate
group. A DNA duplex is formed when two
single strands are aligned. The whole mole-
cule resembles a ladder with the base mole-
cules linked together by hydrogen bonds.
Alignment is always very precise with base
pairing between adenine and thymidine and
between guanine and cytosine (2). The two
strands may be denatured by heating (in ex-
cess of 70°C) or by raising the pH or lower-
ing the ionic strenghts of the DNA solution
(3). Related to DNA, but differing slightly in
structure, 1s ribonucleic acid (RNA). RNA
usually exists as a single stranded molecule
which contains uracil instead of thymidine
and a different sugar moiety (4).

A fundamental property of single stranded
DNA (and RNA) is that it will hybridize
(form a duplex by hydrogen bonding) with
another single strand which has a complete-
ly base sequence. It is this property which
can be so usefully exploited for diagnosis
using nucleic acid probes.

Molecular hybridization technology

Probes

A probe in the chemical or biological sense
is a molecule which has a strong interaction
with a specific target after which it can then
be detected. Examples of such interactions
are: antibody-antigen, avidin — biotin, recep-
tor — ligand and complementary nucleic acid
hybridization. Protein probes interact with
their target at only a few specific sites
through a mixture of forces: hydrophobic,
ionic and hydrogen bonding., By contrast
nucleic acid probes interact with their
complementary structure primarily through
hydrogen bonding at tens, hundreds or thou-
sands of sites, depending on the length of the
hybrid.

A nucleic acid probe is constructed from a
unique base sequence taken from the genetic
material (DNA or RNA) of a disease causing
agent. The probe may then be applied to
suitably treated pathological specimens or
cell cultures. Probe bonding will only occur
when complementary nucleic acid sequences
are present in the specimen, these are called
target sequences. After binding there must
be method of differentiating between the
bound and unbound probe.

Targets

Theoretically a probe (single stranded DNA
or RNA) will hybridise to its complement-

93



Scand. J. Lab. Anim. Sci. No. 1. 1993 . Vol. 20

ary target sequence in a single stranded nu-
cleic acid template, for most practical appli-
cations the template is provided by the geno-
mic DNA or RNA of an infectious organ-
ism, so the preparation of the pathological
specimen is of great importance. Purified ex-
tracts of nucleic acids are ideal for most
hybridization procedures although probing
methods for many crude samples (swabs,
thin sections, etc.) have been established (3,
8—10).

Hybridization formats and

detection procedures

Various formats can be used for the detec-
tion of specific hybridization. In solution
formats (11) both the reacting and non reac-
ting nucleic acids remain free in solution
and although these methods have the fastest
hybridization rates the problem of separa-
ting the hybrid from the free probe remains.
Methods in which one of the reacting nu-
cleic acids 1s immobilized on a solid support
while the other is free in solution are how-
ever more commonly used (5, 12-14). In this
case unhybridized nucleic acid is washed
away leaving only that which is hybridised
to the nucleic acid bound to the solid sup-
port e.g. nitrocellulose or nylon filters, latex,
magnetic beads or microtiter plates. Once
immobilized, nucleic acids can be detected
by hybridization.

The most common solid support hybridisa-
tion procedures are:

The Spot or Dot Blot (15-17): This is the
simplest hybridisation procedure in which
crude or purified mixtures of nucleic acids
are spotted onto the surface of a filter. This
is a rapid, semi-quantitative procedure
which can be used to detect the presence of
specific nucleic acids in many samples si-
multaneously on the same filter.

The Southern blot hybridization (18, 19, 5)
is a more sophisticated technique in which
the DNA 1s separated by agarose gel-electro-
phoresis before transfer onto a filter by ca-
pillary action. The method in which RNA i1s
transferred from gel to membranes is called
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Northern blotting (20, 5), while the transfer
of proteins onto membranes is called We-
stern blotting (21, 22). Once immobilized on
a filter all nucleic acid sequences are hybri-
dized in similar fashion. Hybridization buf-
fer containing the labelled probe is incuba-
ted with the filters to allow hybridization of
the probe to the target sequence. Following
hybridization, unhybridized probe is remo-
ved by a series of washes. Sensitivity can be
controlled by the stringency of these washes
by altering salt and temperature conditions.
Factors which must also be optimized for
the specific probes used. The signal-to-noise
ratio can also be affected by probe length,
purity, concentration, sequence and by tar-
get contamination (5).

The probe may be labelled in a variety of
ways to enable detection, either by radio-
labelling (e.g. "*C, S, 2P) (5) or with non-
radioactive compounds (colorimetric and
chemiluminescent).

The radiolabelled nucleic acids are conveni-
ently detected by autoradiography on film.
Non-radioactive DNA probes can be detec-
ted using:

Colorimetric substrate systems: 1) In this sy-
stem the probe is labelled with a hapten,
then the probes are detected by incubation
with a primary anti-hapten antibody fol-
lowed by a species specific, anti-IgG se-
condary antibody conjugated to alkaline
phosphatase, or horseradish peroxidase, en-
zymes which generate a colour change in a
substrate solution indicating the presence of
the probe (23). 2) Detection of biotin label-
led probes is accomplished with streptavi-
din, this is easier and faster than hapten de-
tection because it usually requires only one
ten-minute binding step in contrast to two
30 or 60 minute antibody binding steps.
This procedure can give high background
signals so it is very convenient to add an
extra step using streptavidin and biotinyla-
ted phosphatase instead of a direct conjugate
24).

Chemiluminescent substrate systems. These
systems are available for the visualization of



peroxidase and alkaline phosphatase. The
signal of both systems can be recorded on an
X-ray film (25).

IN SITU hybridization

This method allows the examination of spe-
cific sequences within the cells of slide
mounted tissue samples, which are pretated
to facilitate specific probe binding and better
specimen fixation. Following hybridization
and development, the slides are examined by
light microscopy. The microscopic examin-
ation of the specimen allows detection of
small amounts of hybridization in a well de-
fined area and by localizing specific sequen-
ces within cells in situ hybridization can
identify the intercellular distribution of these
sequences. Estimating the percentage of in-
fected cells and the relative number of se-
quences per cell can contribute to under-
standing of the organisms pathogenesis. A
variety of radioactive and non-radioactive
probes are suitable for use with in situ hybri-
dization, the choice depends on the specific
application. Following hybridization, slides
can be stained to allow visualization of the
cells. Haematoxylin Eosin is very effective
and widely used (26).

Research continues to find better hybridiza-
tion techniques with potential commercial
applications which are more sensitive and
specific. Recent developments have popula-
rized solution hybridization formats such as:
Affinity capture (27-30), Sandwich hybridi-
zation (31-37) and Homogenous solution
hybridization assays (38-44).

Probe and target amplification systems

The future of nucleic acid hybridization as a
diagnostic tool and as a useful commercial
process lies in the ability of certain tech-
niques to amplify targets or probes. Any of
these amplification systems can increase the
amount of the target or probe in a sample
10® times or more. Since there is currently
no system for amplifying protein probes or
targets to this degree, nucleic acid amplifica-
tion assays are by far the most sensitive
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means of direct pathogen detection and are
in fact the most sensitive means of detecting
biological molecules.

Target amplification

Polymerase Chain Reaction (45-49). A pair
of specific oligomer primers delineate the
region of amplification and are used to ini-
tiate DNA synthesis by primer extension in
combination with a heat-stable Tag DNA
polymerase. Following this first round of
primer extension at 70°C the mixture is
heated to about 93°C to separate the product
from 1its template and then cooled to
37-55°C to allow annealing of the primer
molecules to the original template DNA and
the newly synthesized DNA fragments. Pri-
mer extension is then resumed at 70°C.

By repeating these cycles of denaturation,
annealing and replication the original target
DNA can be exponentially amplified 2"
times where n is the number of cycles. 25
PCR cycles would result in a 3.9 x 107 fold
amplification. However, since the efficiency
of each cycle is less than 100 %, the actual
amplification after 25 cycles is about 1-3 x
10° fold.

The size of the amplified region is generally
100400 base pairs, although stretches of up
to 2kb can be efficiently amplified. Nucleic
acids either in their crude form or phe-
nol/chloroform purified can be used as tar-
get. The amplified DNA can be detected
simply by gel electrophoresis with ethidium
bromide staining or by DOT Blot Hybridi-
zation. More sensitive detection using tradi-
tional Southern blotting is possible provided
conditions are optimised for short DNA
fragments. Sandwich hybridization is an-
other simple and specific method of detec-
ting PCR products.

The greatest drawback to PCR is the likeli-
hood of PCR products contaminating nega-
tive samples and the surrounding environ-
ment generating false positive results (50).
This may be prevented by dedicating two
separate laboratories to PCR work; one in
which sample preparation and amplification
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takes place and another to process the am-
plified DNA. Well planned negative con-
trols minimise the possibility of contamina-
tion. If any of these controls is positive the
entire experiment is discarded. Positive
controls are essential to ensure that both
sample preparation methods and assay sy-
stem are functional and to confirm the lack
of any PCR inhibitors in the DNA prepara-
tions.

Transcription based amplification system
(TAS) (51). Uses transcription to amplify an
RNA target rather than using DNA replica-
tion to amplify a DNA target. Oligonucleo-
tide primers define the end points of the
amplified region, enzymes and temperature
cycles are used to sequentially amplify the
original target. The TAS cycles are complex
and require repeated additions of two dif-
ferent enzymes because enzyme activity is
destroyed during the denaturation step. TAS
can only be used for RNA amplification and
has no advantage over PCR.

Probe amplification

These systems amplify the probe nucleic
acid or the probe signal after hybridization.
Q-Beta replicase system (52). This system is
based on the ability of RNA dependent
RNA polymerase from bacteriophage QB to
synthesise large amounts of RNA from a
small amount of template. The reaction 1s
exponential because each product strand can
serve as a template strand following synthe-
sis. RNA synthesis continues at an exponen-
tial rate until the number of RNA molecules
equals the number of polymerase molecules.
Probe networks (53, 54). These are solid
phase sandwich hybridization assays. A sy-
stem of three probe types is used to achieve
signal amplification. Firstly, multiple pri-
mary probes bind to the target sequence.
Secondly, an amplification multimer binds
to each primary probe, and thirdly, multiple
enzyme-labelled probes bind to each ampli-
fication multimer. The degree of signal am-
plification achieved is at least a 100 fold.
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The effectiveness and usefullness of

DNA probes in laboratory animal health
monitoring

The microbiology laboratory assists the ve-
terinarian as a routine health monitor and in
the diagnosis of infectious diseases in a va-
riety of ways; for example, collecting speci-
mens or giving information on how to ob-
tain them, or by the isolation and identifica-
tion of the pathogens present in the speci-
men by any of the common methods, cul-
ture, virology or microscopy.

Molecular biological techniques (Southern
blot, dot blot, Northern blot and in situ hy-
bridization) have been used for many years
in the study of the pathogenesis and tropism
of laboratory animal pathogens, but it was
not until the appearance of DNA amplifica-
tion systems that the utilization of molecular
biology in a diagnostic capacity became pos-
sible. Some research groups have already
developed PCR primers for the detection of
certain pathogens for example, rodent co-
ronaviruses, rodent parvoviruses and My-
coplasma pulmonis (55-58).

Some of the pathogens that affect laboratory
animals are too fastidious to grow in culture.
To detect the presence of Mycoplasma Spp.
from a sample a minimum of 15 days is re-
quired and antibodies do not appear until 3
months after the infection.

There is a possibility that DNA probes will
shorten turn-around times for the identifica-
tion of these fastidious pathogens and will
confirm doubtful serological results.

Current DNA probe tests require between |
to 30 hours to complete, but this is fast
when compared with traditional methods re-
quiring 2 weeks. For example, DNA probes
offer identification of M. pulmonis within 6
hours of specimen receipt. Compared to the
period of time it would take to isolate and
identify these organisms using traditional
methods, the DNA probe test is indeed ra-
pid. When we compare these DNA tests
with ELISA tests there is a clear 3 hours
disadvantage, but, DNA probe tests can be



used at the onset of the infection before anti-
bodies are produced.

There are commercially available DNA
probe reagents for the early detection (24h
culture) of bacteria such as Mycobacterium
tuberculosis, M. avium, M. intercellulare,
Campylobacter jejuni (59, 60). The formats
being solution hybridization and filter hybri-
dization. Their use has been restricted to the
human microbiology laboratory but they
can prove to be very useful for the quick
screening of suspected bacteria e.g. deter-
mining the presence or absence of salmon-
ella in a suspected colony in only 24h in-
stead of the customary 72h or more. Though
costs are higher than with more conventio-
nal tests the accurate and rapid procurement
of results may be highly desirable, even es-
sential, in specific cases. However, there are
still no commercially available tests for the
direct detection of most of these organisms
from specimens (without culture), but they
will be available soon.

Specimens obtained from an animal, such as
biopsies and necropsy samples, can be di-
rectly tested with DNA probes for the detec-
tion of infectious agents. These tests can
either be run on the day the samples are ob-
tained, or later when a batch is prosessed;
they also have the advantage of allowing
tissue samples fixed in 10 % normal buffered
formalin to be tested.

The application of this technology is very
versatile and may be adapted to suit the
circumstances.

These nucleic acid tests will allow the eli-
mination of tests such as mouse and rat anti-
body tests (MAP, RAP). Tumours, cell li-
nes, ascites or in fact almost any kind of ani-
mal product can be tested cost effectively
both financially and in terms of animal
lives. A battery of probes e¢liminate or con-
firm the presence of any of the possible con-
taminants within hours.

Probes only detect viable organisms, a pro-
perty which may be utilized in establishing
whether an antibody titer in a vaccinated
animal is due to an infection or the effect of
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vaccination. They may also be used to de-
monstrate the elimination or continued pre-
sence of a pathogen after treatment.

One of the greatest problems faced by the
microbiology laboratory is the possibility of
interspecies infection. The only way of de-
termining whether an antibody titer is speci-
fic is virus isolation which is very time con-
suming and extremely expensive (e.g. serum
containing anti-mouse coronavirus antibo-
dies can crossreact with rat or coronaviruses
from other species). The appropriate probes
will be able to answer these questions In a
matter of hours.

Because probes can be used on a target that
has been fixed, the study of achieved and
historical tissues has become possible as has
the study of tissues from toxicological in-
vestigations, ensuring the absence of any
complicating factors such as pathogenic or-
ganisms.

New problems will arise with these novel
techniques: Is the presence of virus in a
damaged tissue the cause of the damage or is
its presence merely incidental? Will the de-
tection of a virus result in pathological
symptoms? If so, what will the nature of
these symptoms be? These questions are
currently being addressed.

Nowadays immunodeficient animals are in
important tool for research. The health
monitoring of such atypical animals, nude
and severe combined immunodeficiency
(SCID) mice, 1s based on the use of immuno-
competent animals as sentinels, but their is
an exiguous availability of guaranteed very
clean or gnotobiotic animals. In these parti-
cular cases study of the virological status of
these colonies and study of any health pro-
blem the use of DNA probes will be a great
break through avoiding the necessity for vi-
ral isolation in tissue culture or live animals,
The use of DINA probes as a diagnostic tool
has to be approached carefully. In order to
be able to interpret the significance of the
results obtained a good knowledge of path-
ogenesis and molecular biology 1s essential.
Will DNA probes make antibody-based test
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and agar — based bacterial cultures disappear
from the clinical laboratory?

Probes make a reasonable alternative pro-
vided there 1s adequate training of technical
personnel, sufficient quality control to en-
sure accuracy of results, periodic monitoring
of test results and quality control of records
by qualified personnel. However, the pro-
bability of probes totally replacing culture in
the next few years is low. The antibiotic bac-
terial susceptibility or serotype of one orga-
nism can only be obtained if the organism is
isolated in pure culture, so the culture of
samples determined to be positive will still
be necessary. Moreover, as is well known by
any microbiologist the presence of micro-
organisms in a given sample can not be pre-
dicted. The laboratory should be able to de-
termine the presence of unexpected or un-
usual organisms. If culture techniques are
eliminated and replaced by a set of probes
this ability as well as that of finding com-
mon organisms in unusual sites will be di-
minished. In cases where a selective elimina-
tion of certain microorganisms is sufficient,
such as breeding institutions, DNA probe
batteries could be routinely used to demon-
strate the absence of those microorganisms.
Where positive results occur the organism
may then be cultured to obtain either sero-
type or antibiotic susceptibility data if re-
quired. The same rationale could be used to
detect the presence of previously established
groups of viruses.

Transient virus (those which cause an acute
disease and are then eliminated by the ani-
mal) cannot be detected by the probes once
they are gone so the sampling procedure is
of extreme importance, choosing the wrong
animal of the wrong age or the wrong
sample site could produce false results. The
sample site and sample processing are very
important and have to be properly standar-
dized beforehand.

DNA probes mark a revolutionary break-
through in the rapid and accurate identifica-
tion of pathogenic organisms actually pre-
sent in animal samples, for this particular
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type of analysis probes are unsurpassed.
However, this does not mean that traditional
diagnostic methods can be replaced in the
foreseeable future.

To bridge the gap between laboratory re-
search and practical applications (clinical
assays), DNA probe tests must be simple,
rapid and inexpensive, competing favoura-
bly with existing antibody based assays.
High sensitivity would be required to pro-
vide the incentive to purchase and become
familiar with the new assay. Nonetheless,
the rapid evolution of new molecular tech-
niques ensures that nucleic acid probes will
soon be incorporated into the modern health
monitoring laboratory.
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