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FOREWORD

Advances in molecular techniques continue to be made at an ever increasing rate.
These and related procedures, in many of which radionuclide tracers play an important role,
have proven to be of immense potential not only in research, but also in routine diagnosis
of communicable diseases. Clinical problems, both diagnostic and therapeutic, are being
solved by using new approaches made possible by the advent of these techniques. In
diagnosis the amplification of DMA by the polymerase chain reaction and hybridization with
32P-labelled DMA probes has excited clinical microbiologists for such methods can
specifically identify organisms directly in clinical specimens and can reduce the time
required to identify fastidious pathogens, even in diseases such as tuberculous meningitis
and Chagas disease, in which the paucity of the infectious organisms had previously
frustrated laboratory diagnosis by conventional techniques. Yet these techniques are often
inaccessible to many biomedical scientists and clinicians in developing countries and there
is a clear need to add these powerful techniques to the range of tools available in
developing countries for research and diagnosis in communicable diseases.

One of the roles of international organizations is to assist in the transfer of such new
technologies to developing countries. With this objective, the IAEA organized at the
Faculty of Tropical Medicine, Mahidol University, Bangkok, a training course in September
1992 on "Recent Nuclear Techniques in Diagnosis of Communicable Diseases" which was
attended by 16 participants from 11 Member States of the Asia and Pacific Region, and
a seminar in November 1992 on "Immunoassay and Labelled DNA Probes in Diagnosis of
Communicable Diseases" which was attended by 112 participants from 17 Member States.

The course focused largely on the teaching of molecular techniques, whereas the
seminar presented the experiences of various experts in the application of such techniques
in research and diagnosis. This TECDOC contains those aspects of the proceedings from
the two events which focus on molecular techniques, and is in two parts: Part I contains
the laboratory protocols that were taught at the course and Part II contains 9 of the 43
papers presented at the seminar which illustrate the application of molecular techniques.
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INTRODUCTION

Molecular techniques continue to advance at a striking and ever increasing pace and
are now making significant inroads in many areas of the clinical microbiology laboratory.
These include methods for strain typing such as plasmid finger printing, the use of DNA
hybridization tests for identification of pathogens, and the use of polymerase chain reaction
to detect pathogens present in very low numbers in clinical specimens. A consequence
of this phenomenal rate of progress in these methods has been that many clinicians and
biomedical scientists in developing countries have found it impossible to keep pace with
current developments, a situation exacerbated by the free use of jargon, and, as with all
rapidly growing fields, it will be some time before comprehensive textbooks catch up. This
technical document has been prepared with the view to filling the resultant vacuum. It is
based on a training course and a seminar organized jointly by the International Atomic
Energy Agency and Mahidol University, Bangkok, during 1992.

In laboratories dealing with diagnosis of communicable diseases, the first analysis of
clinical material is usually done by light microscopy after suitable staining. Whilst helpful
in guiding therapy for acutely ill patients, microscopy techniques lack in both sensitivity
and specificity. Thus cultures remain the gold standard. However, it is clear that in many
cases the gold standard is not a 100% sensitive. Moreover, culture methods are in general
slow and laborious. Yet there is an increased desire from physicians to have results more
rapidly.

The need for rapid results is partially filled by immunological tests such as
radioimmunoassays, ELISA (enzyme linked immuno-sorbent assay) and Western blot. The
last of these methods and the labelling of the indicator reagent with 125iodine are described
in the first two papers of this TECDOC. These immunological tests, though sensitive,
sometimes lack specificity, particularly in developing countries where tests categorized as
'highly specific' in industrialized countries cross-react with the host of microorganisms
present in many developing countries.

The second format for rapid testing is nucleic acid hybridization. As early as 1980
it was demonstrated that genetic information contained within an organism could be
exploited as a means for its identification. Enterotoxigenic Escherichia coli were identified
in stool samples after growth on agar plates. Since then there have been numerous reports
on the effectiveness of DNA probes for identification of pathogenic microorganisms ranging
from viruses to helminthic worms. The success of the nucleic acid probes stems from the
fact that the probe DNA (or in some cases, RNA) can be labelled with radioisotopes of high
specific activity that allows the microbiologist to detect the binding of the probe to the
target nucleic acid-contained within a specific organism. The use of the DNA hybridization
method is described in the paper entitled "Detection of enteroinvasive Escherichia coli on
a colony blot filter paper by hybridization with a 17 Kb probe" for identifying gastro-enteric
pathogens.

The success of the nucleic acid hybridization method depends partly on the number
of organisms in the specimen. Some diseases such as tuberculous meningitis and
tuberculoid leprosy are noted for the low numbers of organisms present in clinical
specimens. For such cases, a third format for rapid testing has been developed — the
amplification of specific segments of DNA by the polymerase chain reaction (PCR). The
PCR is an in vitro method for the enzymatic synthesis of specific DNA (or cDNA)
sequences using two oligonucleotide primers that hybridize to opposite strands and flank
the region of interest in the target DNA. A repetitive series of cycles involving template
denaturation, primer annealing and extension of the annealed primers by DNA polymerase
results in the exponential accumulation of a specific fragment whose termini are defined



by the 5' ends of the primers. Because the primer extension products synthesized in one
cycle can serve as a template in the next, the number of target DMA copies approximately
doubles at every cycle. Thus 20 cycles of PCR yields about a million fold (220)
amplification. Protocols for using PCR to amplify DNA and cDNA are described for HIV and
rabies virus in the paper entitled "Pathogen detection by the polymerase chain reaction".

The advent of molecular techniques has transformed the way researchers approach
both fundamental and applied problems associated with diseases. Part II of this document
presents some of the applications of such techniques. Molecular techniques are being used
to elucidate immune mechanisms and these are reviewed in the first paper by Indira Nath.

The PCR and nucleic acid hybridization methods are rapidly becoming the work-horse
of diagnostic and histopathology laboratories. They are used in epidemiology, in routine
diagnosis and for identifying the causative organisms in certain carcinomas. Examples of
these applications in tuberculosis, hepatitis, malaria, and in oral hairy leucoplakia are
presented in Part II.

Whilst the PCR provides a sensitive diagnostic method, it is susceptible to
contamination. Given the capacity of PCR to synthesize millions of DNA copies,
contamination of the sample reaction with either products of a previous reaction (product-
carryover) or with material from an exogenous source is a potential problem - particularly
in those reactions initiated with only a few templates. Careful laboratory procedure,
prealiquoting reagents, the use of positive displacement pipettes and the physical
separation of the reaction preparation from the analysis of the reaction products are all
precautions that reduce risk. A. Kolk et al. describe the use of dUTP and uracil DNA
glycosylase to prevent carry-over contamination in a paper on "Detection of
Mycobacterium tubercolosis in clinical samples using the polymerase chain reaction:
avoiding amplicon contamination".

Although the PCR is considered primarily a method for producing copies of a specific
sequence, it is also a very powerful and precise way of altering a particular template
sequence. Since the oligonucleotide primers become physically incorporated into the
amplified product and mismatches between the 5' end of the primer and the initial template
are tolerated, it is possible to introduce new sequence information adjacent to the target
sequence via the primers. Thus, for cloning a given sequence, one is no longer constrained
by the restriction sites nature provides but can add any restriction enzyme recognition
sequence to the 5' ends of the primer leading to the formation of a new restriction site.
Similarly, regulatory elements such as a T7 promoter can be added allowing the synthesis
of RNA copies from the PCR product using T7 RNA polymerase. Such a method may be
used to synthesize proteins from genomic DNA as described by K.C. Kain et al. in the
paper entitled "Expression PCR: A rapid method for in vitro expression of PCR products".

Molecular techniques have a vast potential for solving clinical problems associated
with communicable diseases. They are increasingly used in industrialized countries where
they often form the back bone of diagnostic laboratories. This Technical Document has
been prepared in an effort to provide information on some of these techniques so that
these tools may be used more extensively in developing countries.
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Parti

LABORATORY PROTOCOLS FOR
MOLECULAR TECHNIQUES



RADIOIODINATION OF PROTEINS IN SOLUTION

J.B. CASTELINO
Nuclear Medicine Section,
Division of Human Health,
International Atomic Energy Agency, Vienna

Antibodies and protein antigens labelled with radioiodine are widely used in research
and routine diagnosis of communicable diseases. Several methods of iodination exploit a
simple chemical reaction, halogen substitution. Iodine in solution may be found in either
reduced (iodide) or oxidized (iodine) form. When present in the oxidized form, iodine is
directly substituted into phenolic rings. The presence of a hydroxyl group in the phenolic
ring introduces a slight polarity which facilitates the substitution reaction. In contrast,
iodination of a benzine ring occurs readily. A phenolic ring is present in the amino acid
tyrosine which suggests a relatively direct method of radiolabelling tyrosine-containing
proteins to yield both diiodo and monoiodo tyrosine. Provided that suitable precautions are
taken during the labelling with respect to the conditions and the amount of iodine
introduced, labelled proteins can be prepared which are both biologically and
immunologically indistinguishable from the natural or parent material.

The methods chosen for labelling will depend on the purity and quantity of protein
available and the purpose for which the labelled preparation is required. The technique
described below is particularly applicable for immunological and diagnostic studies in
communicable diseases.

IODOGEN METHOD OF LABELLING WITH 125IODINE

lodogen is the trade name of 1, 3, 4, 6-tetrachloro-3a, 6a-diphenylglycouril, an
oxidizing agent only sparingly soluble in water. A solution of iodogen in chloroform or
methylene chloride is used to coat the inner surface of a test tube, evaporating the solvent.
Stockpiles of such coated tubes may be prepared in advance and stored in a desiccator.
When an aqueous solution of protein and radioiodine is added to the coated tube, the
iodination of tyrosine, and to a lesser extent, histidine, commences. The reaction is
terminated by decanting or aspiration of the reaction solution. Because iodogen does not
go into aqueous solution, denaturing of protein and damage to living cells is minimized.

MATERIALS

1. Carrier-free sodium iodide (125I): 2 mCi (this solution must be free from reducing
agents).

2. Protein for labelling: anti-sporozoite IgG (1mg/ml).

3. 0.2M sodium phosphate buffer pH 7.2 (0.2M Na2HPO4+ 0.2M NaH2P04 and pH
adjusted to 7.2).

4. lodogen: 1mg iodogen in 5 ml chloroform.

5. Sephadex G-25M PD 10 column.

6. Phosphate buffered saline (PBS) pH 7.2 (27.287 g Na2HP04.12H20, 3.24 g KH2P04,
8.5 g NaCI in 1 L distilled water).

7. PBS + BSA + azide.
PBS containing 1 % BSA and 0.05% sodium azide.
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PROCEDURE

1. Prepare iodogen tubes:

a. Dissolve 1 mg iodogen in 5 ml chloroform and aliquot 100//I of this solution
into 12x75 mm (gamma counter) glass tubes.

b. Place tubes in a desiccator, attach to vacuum pump with double trap and apply
vacuum until tubes dry.

c. Store tubes under vacuum.

2. Dilute stock solution of 125I in radiation safety hood. Add 20//I of 0.2M phosphate
buffer to the vial containing 2 mCi 125I. Mix contents carefully (free 125I is volatile and
therefore hazardous).

3. Prepare column.

Wash a PD 10 column 5 times with PBS, leave the column with a small amount of
PBS on top of the gel.

4. Prepare dialysis membrane.

Cut 15 to 20 cm of dialysis tubing. Boil tubing for 10 minutes in distilled water.

Keep tubing in water until use.

5. Labelling procedure:

a. Take an iodogen-chloroform tube from desiccator. Rinse once with PBS and
shake dry.

b. Add 20/ul anti-sporozoite IgG (1mg/ml).

c. Add 20//I 125I (0.5-1.5mCi/10//g protein).

d. Cover tube to prevent evaporation and incubate at room temperature for
20 minutes.

e. Add 55 fj\ PBS to the tube and transfer contents to a 10 ml tube containing
2.3 ml PBS + BSA + Azide solution.

f. Wash original iodogen tube with 100//I PBS and add this to the 10 ml tube.

g. Transfer contents of the 10 ml tube to the PD column and elute the labelled
protein using 3 ml PBS + BSA.

h. Collect 1 ml aliquots in plastic tubes. Retain the first three tubes with the
highest radioactivity.

i. Transfer the contents of these 3 tubes to a dialysis tube. Dialyse against PBS
at 4°C in a jar with a stirbar with frequent changes of the PBS until the PBS has
activity of less than 10 000 cpm/ml.

j. Store the labelled protein at 4°C until use.
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SODIUM DODECYL SULPHATE-POLYACRYLAMIDE GEL
ELECTROPHORESIS AND WESTERN BLOTTING FOR
PROTEIN ANTIGEN ANALYSIS

Pramuan TAPCHAISRI, Srisin KHUSMITH,
Yuwaporn RUANGKUNAPORN
Department of Microbiology and Immunology,
Faculty of Tropical Medicine, Mahidol University,
Bangkok, Thailand

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) has now
become a standard tool in most laboratories for protein analysis and purification.
Polyacrylamide has several advantages over the other matrices in its superiority as a
molecular seive. The gel has relatively high strength and its porosity can be consistently
varied over a wide range by varying the acrylamide concentrations and the extent of its
cross-linking. Polyacrylamide gels are generated by chemical polymerization of the
acrylamide monomer (CH2 = CH-CO-NH2) and the cross-linking co-monomer,
N-methylene-bis-acrylamide (CH2 = CH-CO-NH-CH2-NH-CO-CH = CH2). The polymerization
process is commonly initiated by using the tertiary amine TEMED
(N,N,N'-,N-tetramethylethylenediamine) as the catalyst and ammonium persulphate as the
initiator. The polymerization process is initiated as the sulphate free radical released from
the persulphate reacts with the acrylamide monomer to form an acrylamide sulphate free
radical which then reacts with other acrylamide molecules, thus, long straight chain
polymers are formed. The presence of methylene bis-acrylamide provides cross-linking
between the adjacent strands and strengthen the acrylamide polymers. Since the
polymerization process is inhibited by the presence of oxygen, the polymerization mixture
must be thoroughly deaerated before addition of persulphate and TEMED.

Several SDS-PAGE systems have been described but the most widely used one is the
discontinuous buffer system introduced by Laemmli [1] for disc gel electrophoresis. This
was later adapted to slab gels by Studier [2]. The system is characterized by discontinuity
in the buffer pH and in the polyacrylamide pore size. Two kinds of gels are used: the
"stacking gel" with a large pore size in pH 6.8 buffer allows the protein samples to
concentrate and the "running gel" or "separating gel" with the small pore size in the pH 8.8
buffer provides separation of the protein samples. In general, high concentration of
acrylamide gives better separation of low molecular weight proteins whereas low
acrylamide concentration gives higher resolution of the high molecular weight proteins.

The protein samples require treatment with the detergent sodium dodecyl sulphate
(SDS) and a reducing agent such as beta-mercaptoethanol or dithiotreitol prior to the
electrophoresis. Such treatment changes the three-dimentional shapes of the proteins into
rod-like structures [3], Since SDS binds to the proteins at a constant weight ratio [4] the
total number of the negative charges of the polypeptide-SDS complex is directly
proportional to the number of SDS molecules which reflect the number of amino acids and
hence the molecular weight of the proteins. Thus SDS-PAGE can also be used to determine
the molecular weights of unknown proteins by comparing their relative electrophoretic
mobilities to the known molecular weight protein standard.

Western blotting or the process of transfer of the electrophoretically separated
proteins onto immobilizing matrices such as nitrocellulose membrane is an extension of
SDS-PAGE described by Towbin et al. [5]. This procedure provides, on the nitrocellulose
blot, an identical copy of the electrophoretic separation pattern of the proteins present in
the gels. The immobilized proteins can be further reacted with an appropriate probe such
as antibody for identification of its corresponding antigen. The protein antigen/antibody
complex is then detected by using radioactively labelled or enzyme-linked second antibody
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probe. The blotting procedure involving detection of specific antigens employing the
antibody probe consists of three elementary steps:

Step 1 - The components of the protein antigen mixture are electrophoretically separated.
SDS-PAGE is commonly used but non-reducing gels, acrylamide or agarose gels
as well as isoelectric focusing and two-dimentional gels have all been used
successfully [5].

Step 2 - The separated proteins are transferred electrophoretically while maintaining their
pattern of separation to a matrix, usually the nitrocellulose paper. During the
transfer process, most of the SDS is removed thus the proteins recover their
antigenicity.

Step 3 - The nitrocellulose blot is then treated with an appropriate antibody and the
presence of the bound antibody is detected by a radionuclide or enzymatic probe.

The technique is very useful for analysis and characterization of complex protein
antigens using immune sera from several sources or vice versa. The protocol given below
illustrates such a separation by which complex protein antigens of blood stages of
Plasmodium vivax obtained from blood of patients with vivax malaria are fractionated by
SDS-PAGE and treated with immune sera from patients with acute vivax malaria and the
antigen/antibody complexformed are detected by 125l-labelled anti-human immunoglobulins.

SDS-PAGE PROTOCOL

EQUIPMENT AND MATERIALS

Slab gel electrophoresis apparatus
Glass plates, 16 cm x 20 cm (inner plate) and 18.3 cm x 20 cm (outer plate)
Spacers, 1.5 mm thick
Teflon combs, 15 wells
Power supply
Gel casting stand
Clamps
Vacuum pump
Staining boxes
Rocking platform
Reagents.

REAGENTS

A. Acrylamide/Bis acrylamide (30% T, 2.6% C)

Acrylamide 29.2 g
N,N'-Bis-methylene-acrylamide 0.8 g

Make to 100 ml with distilled water. Filter and store at 4°C in a dark bottle.

WARNING: Acrylamide and bis-acrylamide are potent neurotoxins and can be
absorbed through skin and inhaled as vapour! Always handle with gloves and never
pipette by mouth.
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B. 1.5MTris-HCI, pH 8.8

Tris base 18.15g

Dissolve in 50 ml of distilled water and adjust to pH 8.8 with 1N HCI. Make to
100 ml with distilled water.

C. 0.5M Tris-HCI, pH 6.8

Tris base 6.0 g

Dissolve in 50 ml of distilled water and adjust to pH 6.8 with 1N HCI. Make to
100 ml with distilled water.

D. 10% SDS

SDS 10.0 g

Dissolve in distilled water with gentle stirring and bring to 100 ml with distilled water.

E. 10% ammonium persulphate (w/v)

Ammonium persulphate 0.1 g

Make to 1 ml with distilled water. Make fresh daily.

F. TEMED

G. Sample buffer

Solution C 1.0ml
Solution D 1.6 ml
Glycerol 0.8 ml
Beta-mercaptoethanol 0.4 ml
0.05% (w/v) Bromphenol blue 0.2ml
Distilled water 4.0 ml

Dilute the protein sample at least 1:4 with sample buffer and heat at 95°C for
4 minutes.

H. Electrophoresis buffer, pH 8.3

Tris base 3.03 g
Glycine 14.4 g
SDS 1.0 g
Distilled water 1000.0ml

I. Protein staining buffer

Coomasie brilliant blue R-250 1.25 g
Methanol 250.0 ml
Acetic acid 50.0 ml

Make to 500 ml with distilled water.
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Destaining solution

Methanol
Acetic acid
Glycerol
Distilled water

200.0 ml
50.0ml
25.0ml
725.0ml

10% separating and 4% stacking gels (per slab gel)

Distilled water

Solution A

Solution B

Solution C

Solution D

Solution E

Solution F

Total volume

Separating gel
(ml)

12.08

10.00

7.50

-

0.30

0.10

0.02

30.0

Stacking gel
(ml)

6.05

1.30

-

2.50

0.10

0.05

0.005

10.0

PROCEDURES

1. Assemble the glass plate sandwich (Fig. 1). The glass plates, spacers and clamps
must be clean and dry. Place two spacers along the long edges of the outer glass
plate. Place the inner glass plate so that it is flush with one end of the outer plate.

2. Position the left and right clamps at the appropriate sides of the glass plates. Check
that the spacers are flush against the sides of the clamps and tighten the clamps
enough to hold plates in place.

3. Place the assembled glass plate sandwich in the alignment slot of the levelled gel
casting stand. Loosen the clamp screws just enough to allow the plates and the
spacers to align at the surface of the alignment slot.

4. Tighten the clamp screws. Pull the gel sandwich from the alignment slot. Check that
the plates and spacers are flush at the bottom.

5. Place the aligned sandwich into one of the casting slots. Push the cams in and turn
180° to secure the sandwich in place. The sandwich is now ready for gel casting.

6. Prepare the 10% separating gel using the formula given above but without the
ammonium persulphate and TEMED (solutions E and F). Deaerate the solution under
vacuum for at least 15 minutes.

7. Add ammonium persulphate and TEMED to the monomer solution. Pour the solution
smoothly down the side of a spacer to the level 1 -2 cm below the teeth of the comb.
Immediately overlay the solution with distilled water. Care must be taken to prevent
mixing with the monomer solution.
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Figure 1. Assembly of the glass plate sandwich for SDS-PAGE.
1: inner and outer glass plates; 2: spacers; 3: comb;
4: clamps.

8. Allow the gel to polymerize for at least 1 -2 hours without disturbance.

9. About 30-60 minutes before starting electrophoresis, prepare the 4% stacking gel
using the formula given above in the same manner as the separating gel, i.e., with
solutions E and F added after deaeration.

10. Pour out liquid and unpolymerized monomer from the separating gel. Rinse with
distilled water and drain well.

11. Pour the stacking gel and insert the comb. Allow the stacking gel to polymerize for
30 to 45 minutes.

12. Remove the comb carefully. Rinse the wells with electrode buffer.

13. Load with pretreated samples in the sample buffer containing 20-30jjg of proteins.
Standard molecular weight markers should also be loaded.

14. Assemble the upper buffer chamber. Place the whole assembly in the electrophoresis
chamber already filled with electrophoresis buffer. Carefully fill the upper chamber
with electrophoresis buffer.

15. Place the lid and attach the electrical leads. The anode ( + ) is the lower electrode
and the cathode (-) is the upper one. Switch on the power at constant current
(20 mA per slab gel until the tracking dye reach as the separating gel edge, then the
current is raised to 30 mA per slab gel) until the tracking dye is about 0.5 cm from
the bottom edge of the separating gel. Mix the lower buffer well during the run with
a stir bar on a magnetic stirrer.
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1 6. After completion, switch power off, disconnect the electrical leads, remove the lid,
pour off the upper chamber buffer, gently remove the assembly, remove the upper
chamber and clamps. Open the plates and remove the gel.

17. For protein staining, place the gel in the staining solution for 1 hour and then destain
in solution J until the bands appear.

WESTERN BLOTTING

EQUIPMENT AND MATERIALS

Electrophoretic transfer cell
Gel holders
Porous support pads
Power supply
Rocking platform
Nitrocellulose membrane, 0.45//m pore size
Whatman 3MM chromatographic paper.

REAGENTS

L. Transfer buffer, pH 8.3
Tris base 3.03 g
Glycine 14.40
Methanol 200.0 ml
Make to 1000 ml with distilled water.

M. 0.01M phosphate buffered saline, pH 7.4

Na2HPO4 4.258 g
NaH2P04 0.600 g
NaCI 30.681 g
Make to 3500 ml with distilled water.

N. Washing buffer

Solution M containing 0.05% Tween 20

O. Blocking solution

Solution M containing 1% gelatin, 3% bovine serum albumin and 0.02% sodium
azide.

P. Serum diluent

Solution M containing 0.2% bovine serum albumin, 0.2% gelatin and 0.02% sodium
azide.

WARNING: Sodium azide is highly toxic!

Q. Staining solution for nitrocellulose

Amido black 0.1 Og
Methanol 45.0 ml
Acetic acid 10.0 ml
Make to 100 ml with distilled water.
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R. Destainer for nitrocellulose

Methanol 40.0 ml
Acetic acid 10.0ml

. Make to 100 ml with distilled water.

PROCEDURES

18. After electrophoresis, place unstained gel in transfer buffer for 15 minutes.

19. Cut a sheet of nitrocellulose paper and 2 pieces of Whatman 3MM paper exactly the
same size of the gel. Soak the nitrocellulose paper, the filter papers and the porous
support pad in transfer buffer for 5 minutes. The membrane is fragile, handle with
gloved hands.

20. Open the gel holder. Place it in a shallow tray so that the grey panel is flat on the
bottom of the tray. Place the buffer saturated fibre pad on the grey panel of the
holder.

21. Place a buffer saturated piece of filter paper on top of the fibre pad followed by the
now pre-equilibrated gel from the transfer buffer. Care must be taken in every step
not to trap any air bubble between each layer.

22. Place the pre-wetted nitrocellulose sheet on top of the gel then another piece of filter
paper and the porous support pad.

23. Close the gel holder and place it in the transfer chamber half-filled with transfer buffer
so that the grey panel of the holder is on the cathode side of the electrode panel
(Fig. 2).

24. Fill the buffer tank and put the lid in place. Switch power on and begin
electroblotting. Mix the buffer well with a stir bar on a magnetic stirrerto improve the
heat transfer. Electroblot at constant current of 360 mA for 3 hours or 120 mA for
18 hours.
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Figure 2. Electroblotting of protein components from polyacrylamide
gel to nitrocellulose membrane. 1: Anode; 2: Cathode;
3: gel holder; 4: porous supports; 5: nitrocellulose
membrane; 6: acrylamide gel and 7: buffer tank.
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25. After electroblotting, remove the gel holder, mark the membrane, wash briefly in
washing solution and, if desired, cut into individual strips before blocking the
unreacted sites on the membrane with blocking solution for 1 hour at 26°C in a
plastic box.

26. Wash the membrane strips with the washing buffer two times for 10 minutes to
remove excess blocking solution. Incubate the membrane strips in the test serum
appropriately diluted with the serum diluent for 1 hour with gentle rocking.

27. Wash the membrane strips for 20 minutes 4 times with excess amount of washing
buffer.

28. Incubate the membrane strips with 125l-labelled sheep anti-human immunoglobulins
(0.5 to 1 x 106 cpm/ml) for 30 minutes at 26°C with gentle rocking.

29. Wash the strips in washing buffer 4 times for 20 minutes. Remove and air dry.

30. Autoradiograph the strips and examine for the immune reaction bands on X ray films.
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SELECTED TECHNIQUES IN RECOMBINANT DNA TECHNOLOGY
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Recombinant DNA technology comprises a complex series of techniques in the fields
of nucleic acid biochemistry and molecular biology. Obviously, it is not possible to include
all of the methodologies involved, therefore, the main purpose of this presentation is to
give an introduction, a brief description and example of the procedures of some of the
basic techniques in the DNA cloning work currently used in our laboratory. For a more
detailed description of the techniques, consult the various laboratory manuals cited in the
References.

ISOLATION OF HIGH MOLECULAR WEIGHT GENOMIC DNA

INTRODUCTION

DNA exists in cells in complex or combination with other molecules such as proteins
and carbohydrates. Therefore, it is necessary to release the DNA from the other cellular
components. Normally, the cells are first lysed by digestion with enzymes such as
proteinase K in the presence of EDTA and a detergent such as sodium dodecyl sulphate
(SDS). The detergent dissolves the lipids thus releasing the DNA from the membranes.
Deproteination is made by successive extractions with phenol and the residual phenol is
removed by chloroform/isoamyl alcohol treatment. Low molecular weight contaminants
can be removed by dialysis. DNA is precipitated with alcohol and the contaminating RNA
is removed by treatment with RNase. This method yields purified genomic DNA which is
generally satisfactory for cloning work and further analyses.

ISOLATION OF GENOMIC DNA FROM Plasmodium vivax

Reagents

a. Digestion buffer (0.01 M Tris-CI pH 8.0, 0.01 M NaCI, 0.001 M EDTA, 2% SDS,
200//g/ml proteinase K).

b. Phenol solution (water saturated, 0.01 % hydroxyquinoline, 0.01 M Tris-CI pH 8.0).
c. Chloroform/isoamyl alcohol (24:1).
d. 0.01 M Tris-CI pH 8.0, 0.01 M NaCI, 0.001 M EDTA.
e. RNase A (stock solution, 10 mg/ml).
f. IMNaCI.
g. TE buffer (0.01 M Tris-CI pH 8.0, 0.001 M EDTA).

Procedures

a. Digest packed cell samples containing enriched P. vivax infected cells in digestion
buffer (1 x 109 cells/ml) at 56°C for 3 hours: Pool the digested samples in a
polypropylene centrifuge tube,

b. Add an equal volume of phenol solution to the sample and mix gently by inverting the
tube for 5 minutes,

c. Centrifuge the tube at 1,500 x g for 10 minutes at 4°C. Collect the upper aqueous
layer containing the DNA.

d. Repeat the phenol extraction two more times.
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e. Add an equal volume of chloroform/isoamyl alcohol, mix gently and centrifuge as
above,

f. Collect the aqueous supernatant and reextract with the chloroform/ isoamyl alcohol
two more times,

g. Dialyse the aqueous phase against 0.01 M Tris-CI pH 8.0, 0.01 NaCI, 0.001 M EDTA
for 2 hours at 26°C.

h. Add RNase A to a concentration of 100//g/ml and incubate the solution at 37°C for
1 hour,

i. Extract the DMA solution two times with phenol solution and chloroform/isolamyl
alcohol as above,

j. Add the aqueous phase to 1/10 volume of 1M NaCI and 2 volumes of cold absolute
ethanol and leave at -20°C for at least 2 hours to precipitate the DNA.

k. Collect the DNA pellet by centrifugation at 10,000 x g for 20 minutes at 4°C.
I. Wash the DNA pellet once with 70% ethanol, then briefly air-dry,
m. Dissolve the DNA pellet in a small amount (20-50/vl) of TE buffer.

The amount of DNA can be determined by measuring the optical density at 260 nm
(50/yg/ml of double-stranded DNA gives an optical density of 1). The ratio between the
readings at 260 nm and 280 nm also provides an estimate of the purity of the DNA. Pure
preparations of DNA have the ratio of 1.8. Quantitation of the DNA can also be made by
comparing the fluorescent yield of the ethidium bromide stained sample with that of a
series of DNA standards.

ISOLATION OF PLASMID DNA BY ALKALINE LYSIS METHOD

INTRODUCTION

Plasmids are mostly prepared from cultures grown in liquid medium containing the
appropriate antibiotics. Many of the plasmid vectors, e.g., pUC series, replicate with high
copy number so that they can be simply obtained from late log phase cultures whereas
some vectors, e.g., pBR322, require selective amplification by incubating the partially
grown bacterial cultures in chloramphenicol for a few hours.

The alkaline lysis method is simple for purifying plasmid DNA from Escherichia coli.
The bacterial cells are lysed in the presence of NaOH and SDS which denature the proteins
and genomic DNA. Addition of sodium acetate neutralizes the alkali and permanently
denatures the genomic DNA whereas the plasmid DNA readily renatures and is soluble.
The plasmid DNA is separated from the precipitates of proteins/SDS complex and genomic
DNA by centrifugation. The plasmid DNA is then precipitated by alcohol and reconstituted
in an appropriate buffer.

ISOLATION OF pUC19 PLASMID DNA FROM E. coli

Reagents

a. LB broth (1 % tryptone, 0.5% yeast extract, 1 % NaCI pH 7.5) containing 100/yg/ml
ampicillin.

b. NaOH/SDS solution (0.5% SDS in 0.1 N NaOH).
c. 3M sodium acetate pH 4.8.

Procedures

a. Inoculate a single colony of E. coli containing pUC1 9 plasmid from an agar plate into
100 ml of LB broth. Incubate the culture for 18-24 hours at 37°C with vigorous
shaking.
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b. Chill the culture, transfer to centrifuge tubes and centrifuge at 5000 x g for 20
minutes at 4°C. Discard the supernatant,

c. Pool the cells, wash once with TE buffer by centrifugation as above and resuspend
in 2 ml of TE buffer,

d. Add 8 ml of NaOH/SDS solution to the cell suspension. Mix the suspension gently
for 5 minutes at 26°C.

e. Add 4 ml of 3M sodium acetate pH 4.8 and gently mix the mixture for 5 seconds at
26°C.

f. Centrifuge the mixture at 10 000 x g at 4°C for 20 minutes,
g. Collect the clear supernatant. Add two volumes of ethanol and allow the DNA to

precipitate for 1 hour at - 20°C.
h. Pellet DNA by centrifugation at 10 000 x g at 4°C for 20 minutes. Wash the pellet

once with 70% ethanol by centrifugation before dissolving it in a small amount of TE
as above.

The plasmid DNA is suitable for most applications. RNA contamination in the
preparation can be removed by RNase treatment prior to or at the same time of cutting the
plasmid by restriction endonucleases. Quantitation of the purified plasmid DNA can be
made as above.

RESTRICTION ENDONUCLEASE DIGESTION OF DNA

Genomic DNA and plasmid DNA can be resolved into precise fragments by digestion
with type II restriction endonucleases which recognize certain specific 4, 5, 6 and, rarely,
7 or 8 nucleotide sequences and cleave the phosphodiester bonds in or near the vicinity
of the sequences. A large number of the restriction enzymes (more than 250 enzymes as
of 1982) have been isolated and currently many are available commercially. A typical
digestion reaction of the DNA can be done in buffers containing high, medium or low buffer
solutions containing NaCI, Tris-CI pH 7.4, MgSO4 or MgCI2. Bovine serum albumin and 2-
mercaptoethanol may also be included. All restriction endonucleases require Mg+ + as a
cofactor. Most of the enzymes are active in the pH range of 7.2-7.6 and the optimum
temperature of 37°C although a few endonucleases prefer lower incubation temperature
and several, mainly isolated from thermophiles, require higher temperatures. Most
suppliers of the restriction enzymes provide 10 x stock buffers for maximal reactivities of
the products. When a double digestion with enzymes requiring different buffers is
necessary, a mixture of equal portion of the two buffers is usually satisfactory.
Alternatively, DNA is first digested with an enzyme requiring low ionic strength buffer then
followed by addition of appropriate amount of NaCI and a second enzyme and the
incubation continued. It is also best to consult the information sheets from the
manufacturer when establishing the optimum condition for double digestions.

Generally, for a complete digestion of the DNA, an eight to ten fold excess digestion
is recommended. Two to three units of the enzymes are used for each fjg of DNA and the
digest is incubated for 2 to 4 hours. The enzyme is added to the mixture of a calculated
amount of water, 10 x buffer, and DNA and is well mixed in a microcentrifuge tube before
incubation. A typical reaction comprises of 0.2 to 1 //g of DNA in a volume of 20//I. The
reaction may be terminated by heating at 65°C for 10 minutes or adding EDTA to a final
concentration of 10 mM.

AGAROSE GEL ELECTROPHORESIS OF DNA

Agarose gel electrophoresis is a standard method used to separate, identify and purify
DNA fragments. The technique is simple, rapid to perform and capable of recovering
fragments of DNA that cannot be separated adequately by other procedures. As little as
1 ng of the DNA in agarose gel can be located by staining with low concentration of

23



ethidium bromide and visualized by ultraviolet light. DMA from 0.2 kilobasepairs (kb) to
approximately 20 kb can be separated in agarose gels of 2% to 0.6% concentrations,
respectively. Larger sizes of the DNA can be separated by pulsed-field gel electrophoresis.

Agarose is a linear polymer with a basic structure comprising D-galactose and 3,6-
anhydro L-galactose. Appropriate concentration of agarose is melted in the presence of
desired buffer until a clear, transparent solution is achieved. The melted agarose is poured
into a mold and allowed to harden. The agarose forms a matrix with density determined
by the concentration. When an electric field is applied across the gel, DNA which is
negatively charged at neutral pH, migrates toward the anode. The rate of migration is
determined by a number of parameters such as the molecular sizes of DNA, agarose
concentration, conformation of DNA, applied voltage, base composition and temperature,
composition of electrophoresis buffer, etc.

Reagents

a. Electrophoresis buffer, Tris-acetate (TAE), 50 x stock solution (242 g Tris base,
57.1 ml glacial acetic acid, 100 ml 0.5M EDTA pH 8.0).

b. Gel loading solution, 6 x (0.25% bromophenol blue, 0.25% xylene cyanol FF, 30%
glycerol in distilled water),

c. Ethidium bromide, 10 mg/ml stock solution.

Procedures

a. Seal the open ends of the plastic tray of the electrophoresis apparatus with autoclave
tapes so as to form a mold. Set the mold on a horizontal section of the bench,

b. Prepare sufficient electrophoresis buffer (1 x TAE) to fill the electrophoresis tank and
to prepare the gel. Add a measured amount of molecular biology grade agarose to
the buffer in a glass bottle with loose-fitting cap. Heat the mixture in a boiling water
bath or a microwave oven at low setting until the agarose dissolved,

c. Allow the agarose solution to cool to 60°C. Position the comb 1.0 mm above the
tray and pour the agarose to 5 mm thickness,

d. Allow the gel to set for 30 minutes before carefully removing the comb and the
sealing tapes,

e. Mount the tray in the electrophoresis chamber. Add the electrophoresis buffer to
cover the gel to a depth of 1 mm.

f. Mix the DNA samples with gel loading solution (5:1). Carefully load the mixture into
each of the gel slots using a micropipet.

g. To some wells add the DNA size markers for an estimate of the unknown fragments
of the samples. The markers can be generated from restriction endonuclease
digestion of well-characterized plasmids or bacteriophages. An example of the
markers is the Hind Ill-cut bacteriophage Lambda DNA which gives eight fragments
of 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.56 and 0.1 2 kb.

h. After all the samples are loaded, close the lid of the gel tank and switch on the
current applying a voltage of 5 V/cm. DNA will migrate toward the anode.
Electrophoresis is carried out until bromophenol blue (the first migrating dye) has
migrated 75% across the gel.

i. Remove the gel and stain for 30 minutes in 0.5/ug/ml ethidium bromide in distilled
water before visualization of the DNA bands by ultraviolet light on a UV
transluminator.

CAUTION: Ethidium bromide is a powerful carcinogen and is moderately toxic. Gloves
should be worn at all time. Decontamination of the used solution such as treatment with
powdered activated charcoal (100 mg per 100 ml) and filteration before being discarded
down a designated sink is recommended.
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SOUTHERN BLOTTING

The ability to size-fractionate nucleic acids and to determine their complementary
sequences to an array of DNA or RNA molecules is one of the most powerful tools of
molecular biology. Southern blotting is a simple method devised by Southern (E.M.
Southern, J. Mol. Biol. 1975; 98: 503) for transferring the size-fractionated DNA from a
gel matrix to a solid support followed by hybridization to a labelled probe. The similar
process for RNA is called Northern blotting. DNA is transferred from the agarose gel to a
sheet of the solid support in such a way as to retain the original pattern. DNA can be
transferred from agarose gels to the solid support by one of several methods such as
capillary, electrophoretic or vacuum transfer although the capillary transfer is the simplest
and this procedure is given below:

High molecular weight DNA is cut with one or more restriction enzymes. The
resultant fragments are separated, based on their sizes, by agarose gel electrophoresis.
The gel is then laid onto a solid support. A flow of an appropriate buffer is set up through
the gel toward the membrane. This flow causes the DNA fragments to be carried out of
the gel onto the filter, where they bind, thus a replica of the DNA fragments in the gel is
created on the filter. A labelled probe, specific for the gene under study is then hybridized
to the filter (see below). The probe can be RNA, cDNA, a segment of DNA or
oligonucleotides containing the complementary sequence. A precise and reproducible
pattern of bands representing the DNA fragment(s) that contains the gene under study can
be detected using an appropriate detection system.

The nitrocellulose membrane has been the traditional media for the transfer but must
be handled with great care. The 3-diazobenzyloxymethyl paper (DBM) paper, while
sturdier, requires more elaborate preparation than nitrocellulose and is seldom used now.
The nylon membranes, particularly the newer charged ones, are similar to the nitrocellulose
except that they are sturdier and can be rehybridized several times without breakage.

ALKALINE BLOTTING OF DNA TO NYLON MEMBRANE

The following protocols describe the general procedures for transfer of size-
fractionated DNA (0.1-20 kb) by agarose gel electrophoresis to a modified charged nylon
membrane (e.g., Hybond™ N +, GeneScreenPlus, ZetaProbe, etc.). It is recommended that
the specific instructions from the manufacturers for the transfer of nucleic acids to their
particular type of charged nylon membrane should be strictly followed for the best results.

Reagents

a. 0.25MHC1.
b. Alkaline blotting buffer (0.4M NaOH).
c. 20 x SSC solution (3M sodium chloride, 0.3M sodium citrate).

Procedures

a. After electrophoresis, trim the agarose gel containing the fractionated DNA samples
to the desired size and place in 0.25M HC1 until the tracking dyes change colour.
Leave the gel in the 0.25M HCI solution for an additional 10 minutes (this step is not
necessary if the DNA fragments are less than 10 kb in sizes).

b. Remove the gel and rinse in distilled water and use in the alkaline blot set up below.
c. Fill a tray or glass dish with alkaline blotting buffer. Make a platform by placing a

glass plate across the top of the container.
d. Cover the platform with a wick made from three sheets of 3MM Whatman

chromatographic paper saturated with the buffer.
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e. Place the gel onto the paper and surround with a clear plastic wrap to prevent the
blotting buffer being absorbed directly into the paper towels above.

f. Place a piece of the nylon membrane cut to the exact size of the gel on top of the gel
and then cover with three sheets of the 3MM paper cut to size and wetted with the
buffer. Care is taken not to trap any air bubble between each layer.

g. Place a stack (approximately 5-10 cm of height) of absorbent paper towels on top
of the 3MM paper.

h. Place a glass plate on the absorbent paper followed by a 0.5-1 kg weight on top.
i. Allow the transfer to proceed for 2-18 hours before carefully dismantling the set-up.

Mark the membrane for further identification of tracks.
j. Rinse the membrane briefly by immersion in 2 x SSC solution (freshly made from

20 x stock) with gentle agitation. The membrane can then be subjected to the
hybridization step without any fixation or stored by sealing in a plastic bag and kept
at 4°C.

DNA LABELLING

RADIOACTIVE LABELLING

The currently available radioactive isotopes for DNA labelling are 32P, 125I and 35S. For
most DNA hybridization work, 32P is the isotope of choice since it has high energy resulting
in shorter time for the detection. Detection of the radioactively labelled probe can be done
by autoradiography or counting in a gamma or scintillation counter.

DNA labelling can be accomplished by one of several methods. DNA can be labelled
inside the chain, at the 5' end as well as at the 3' end. Labelling inside the chain is usually
made by incorporation of the alpha-32P-labelled form into DNA using one of the polymerase
reactions. The label at 5' end which employs gamma-32P-labelled ATP is accomplished by
a combination of enzyme phosphatase and polynucleotide kinase while the label at 3' end
of single or double-stranded DNA can be done by the enzyme terminal deoxynucleotidyl
transferase and alpha-32P-3' deoxyadenosine 5' triphosphate or dideoxyadenosine
triphosphate.

32P-labelling of DNA by nick translation

In nick translation, DNase I is used to create single-strand nicks in double-stranded
DNA resulting in generations of free 3' hydroxy ends and 5'phosphate ends. Then E. coli
polymerase I which has the 5' to 3'exonuclease and 5' to 3' polymerase actions is used
to remove stretches of single-stranded DNA starting from the 5' phosphate end nicks and
replace them from the 3' hydroxy ends with new DNA strands. The labelled
deoxynucleotides present are then incorporated into the newly synthesized DNA. The
reaction can utilize any alpha-32P-labelled deoxynucleotides and a final specific activity of
about 108 cpm/yug of DNA can be achieved. Reagent kits are available from many
manufacturers.

Reagents (BRL)

a. 10 x nick translation buffer (500 mM Tris-CI, pH 7.5, 100 mM MgCI2, 100 mM 2-
mercaptoethanol, 100//g/ml nuclease free-bovine serum albumin) containing 0.2 mM
each of dCTP, dGTP, and dTTP.

b. DNA polymerase l/DNase I solution {0.4 units///! DNA polymerase I, 40 pg///l DNase
I, 50 mM Tris-CI, pH 7.5, 5 mM magnesium acetate, 1 mM 2-mercaptoethanol,
0.1 mM PMSF, 50% v/v glycerol, 100jwg/ml bovine serum albumin).

c. Stop buffer (300 mM Na2EDTA, pH 8.0).
d. Alpha-32P-dATP {aqueous solution, 3,000-7,000 Ci/mmole, 10 mCi/ml).
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Procedure

a. Set up the nick translation reaction in a microcentrifuge tube as follows:

10 x nick translation buffer with
dCTP, dGTP and dTTP 5 //I

DNA (0.5-1 .Ofjg) x//l

32P-dATP(100//Ci) 10 u\

Distilled water to total volume of 45 //I
b. Add DNA polymerase l/DNase I solution {5//I). Mix the mixture gently and centrifuge

for 5 seconds in a microcentrifuge.
c. Incubate the tube at 15°C for 60 minutes,
d. Monitor the incorporation of the radioactive nucleotide at 30 minute intervals by

spotting 1 //I of the mixture onto 10% TCA presoaked GF/A filter. Wash the filter 3
times with 5 ml of 5% TCA and 3 times with 5 ml ethanol and count in a scintillation
counter.

e. Add stop buffer (5 //I) to the mixture,
f. Separate the labelled DNA from unincorporated radioactive nucleotide using a small

Sephadex G-50 column (e.g., in a siliconized Pasteur pipet) equilibrated with 3 x SSC.
The DNA is excluded from the matrix and elutes ahead of the unincorporated
nucleotides. Collect 3-4 drop fractions from the column into microcentrifuge tubes
and 1 fj\ samples are counted in a scintillation counter.

32P-labelling of DNA by random oligonucleotide primers

This DNA labelling is based on the use of random sequence hexanucleotides to prime
DNA synthesis on denatured template DNA. If the oligonucleotides are heterogeneous in
sequence, they will form hybrids at many positions so that almost every nucleotide of the
template will be copied at equal frequency into the products. The Klenow fragment of
DNA polymerase I is used in this polymerization reaction because its absence of the 5' to
3' exonuclease activity ensures that the labelled nucleotides incorporated by the
polymerase are not subsequently removed as monophosphates. DNA labelling by the
random oligonucleotide primers has an advantage in that small amounts of the DNA (25-50
ng) can be labelled. Synthesis of DNA can be carried out using one alpha-32P-labelled dATP
and three unlabelled dNTPs as precursor to yield the labelled probe with specific activity
of 4 x 109 cpm/jjg DNA. This high specific activity can be achieved because of the high
efficiency of incorporation of the radiolabelled precursor. Reagent kits are available from
several manufacturers with detailed procedures for the labelling.

32P-labelling of the 5' end of DNA

Labelling of the 5' end of DNA, which is more frequently employed than labelling at
the 3' end, can be carried out by the bacteriophage T4 polynucleotide kinase. The transfer
of 32P to the 5' terminus can be catalyzed by two reactions. The forward reaction is the
transfer of gamma-32Pof the gamma-32P-ATPto a hydroxy group which is created by prior
treatment of the DNA with alkaline phosphatases, whereas the exchange reaction involves
the transfer of the 5' end phosphate to ADP and the rephosphorylation of the
dephosphorylated DNA with the gamma-32P. Reagent kits are also available from several
manufacturers for the labelling.
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NON-RADIOACTIVE LABELLING OF DNA

The recent advances in nucleic acid technology have resulted in the development of
non-radioactive labelling for DNA. Presently, several methods of DNA labelling are
available. Examples are: 1) The incorporation of biotinylated nucleotides (e.g. bio-11 -dUTP)
into the DNA by a standard technique such as nick translation. This biotin-labelled DNA
is then used as the probe in the hybridization reaction. The biotinylated DNA is detected
by incubation with avidin or streptavidin which has been labelled with an enzyme capable
of catalyzing a colorimetric or chemiluminescent reaction (e.g., phosphatase, peroxidase,
etc.), 2) The incorporation of hapten-labelled nucleotides (e.g., digoxigenin-dUTP) into the
DNA and the products can be detected after the hybridization with a specific antibody
linked to an enzyme capable of catalyzing the reactions as mentioned above, and 3) the
direct linkage of the enzyme mentioned above or a chemical capable of creating
chemiluminescence such as acridinium ester to the single-stranded DNA which can be used
directly as the probe. Again, the final stage of the procedures is the development of the
colorimetric or chemiluminescent reaction. Presently, many reagent kits are available from
several manufacturers for the non-isotopic labelling and the detection and the
manufacturers' instructions should be strictly followed for the optimum results.

DNA HYBRIDIZATION

INTRODUCTION

Nucleic acid hybridization is an invaluable technique for determining the relationship
between nucleotide sequences in the genome as well as the RNA products. The procedure
involves two kinds of nucleotide sequences, the labelled probe with defined specificity and
with, probably, the known sequence, and the target molecule in which the complementary
sequence is being determined. The nucleic acids are denatured, if not already single-
stranded, and then allowed to reassociate specifically to form the base-pair duplex
structures. The reassociation can occur between DNA-DNA, DNA-RNA and RNA-RNA.
The rate of the reassociation depends mainly on 1) the concentrations of cations which
decrease the intermolecular repulsion of negatively charged DNA strands, 2) the
reassociation temperature which is optimal at -25°C below the melting temperature (Tm)
of the duplex, 3) the nucleic acid concentrations which determines the frequency of
intermolecular collisions and 4) the size of the nucleic acid fragments.

Nucleic acid hybridization can be carried out in solution (solution hybridization), on
an inert support such as a nitrocellulose or a nylon membrane (filter hybridization) or in
cells/tissues (in situ hybridization). The most commonly employed format is the filter
hybridization in which the target molecules are immobilized onto the solid support in such
a way that self-annealing is prevented, yet the bound sequences are still available for
hybridization with the added labelled probe. Immobilization of the nucleic acid onto the
filter can be made by Southern blotting (for DNA), Northern blotting (for RNA) or simply
as dot-blotting. Hybridization is then followed by extensive washing of the filter to remove
the unreacted probe. Detection of the hybrid is usually by autoradiography if the 32P-
labelled probe is used.

Filter hybridization has an advantage that replicate filters can be prepared thus
allowing many filter bound sequences to be analysed at the same time. Dot blot
hybridization is particularly practical for analysis of multiple sample whereas Southern and
Northern hybridization can be used to localized a particular sequence in a mixture of the
nucleic acid fragments separated after electrophoresis. Additionally, the same filter,
especially the nylon membrane, can be reprobed over and over again with minimum loss
of the signal.
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SOUTHERN HYBRIDIZATION

Reagents

a. 20 x SSC solution.
b. 10%SDS.
c. 50x Denhardt's solution (1 % Ficoll, 1 % polyvinylpyrolidone, 1 % Fraction 5 bovine

serum albumin, sterilized by filtration and stored frozen at -20°C.
d. 10 mg/ml sonicated and denatured salmon DNA.
e. Prehybridization solution (5x SSC, 5x Denhardt's solution, 0.5% SDS, 100pg/ml

sonicated and denatured salmon DNA in distilled water).

Procedure

a. Place the Southern blotted membrane (prepared in Section 5) into a heat scalable
plastic bag cut to size leaving ample space at one end.

b. Prepare a volume of the prehybridization solution (0.1 ml for each 1 cm2 of the
membrane to be hybridized) by mixing the appropriate amounts of the stock solutions
and distilled water. (The salmon DNA is denatured by heating at 100°C for 5 minutes
and chill in ice before adding to the prehybridization solution),

c. Add the prehybridization solution to the plastic bag. Expel any trapped air bubbles
before sealing the bag and incubate for 1 hour at 60 to 65°C in a shaking water bath,

d. Denature the nick-translated 32P-labelled DNA probe (genomic or cloned DNA with
specific activity of 1-2 x 108 cpm/jtfg DNA) by heating at 100°C for 5 minutes and
chill in ice until use. Add the probe to the prehybridization solution to a concentration
of 10 ng/ml or about 1-2 x 106 cpm/ml.

e. Immediately reseal the bag and incubate for 12-18 hours in the shaking water bath
as above,

f. At the end of the incubation period, cut the bag at one end and discard the
radioactive probe down a designated sink,

g. Cut open the bag and wash the membrane twice in 200 ml of 2 x SSC, 0.1 % SDS
at room temperature in a shaking water bath,

h. For a moderatel stringency wash, wash the membrane twice in 2 x SSC, 0.1 % SDS
at 60°C for 1 hour in a shaking water bath. For a higher stringency wash, treat the
membrane for 1 -2 hours at 65°C in 0.1 x SSC, 0.1 % SDS.

i. Blot the membrane to remove the excess liquid. Do not allow the membrane to dry
completely if it is to be re-washed or re-probed,

j. The radioactive duplex is detected by exposing the plastic film wrapped membrane
to an X rays film at room temperature or at - 70°C with light intensifying screens for
a higher sensitivity,

k. The membrane can be reprobed. The old probe is stripped off by heating the
membrane twice in a large volume of 0.1 x SSC, 0.5% SDS at 100°Cfor 10 minutes.
The membrane can be checked by autoradiography as above.
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INTRODUCTION

Enteroinvasive Escherichia coli (EIEC) and Shigella cause dysentery by invading
epithelial cells of the colon [2, 3, 5, 6]. EIEC are difficult to identify by normal biochemical
tests in a routine bacteriology laboratory. The genetics of the virulence of Shigella and
EIEC are similar [4, 7, 8], Both contain plasmids of 120-140 megadalton (mDa) that are
necessary for virulence. A 17 kb EcoRI digestion fragment of pWR 100, the 140 MDA
plasmid of S. flexneri 5 (M9OT), was shown to be specific in differentiating EIEC from
non-ElEC [1, 9]. A radiolabelled probe can be easily prepared and used as a specific probe
to identify EIEC in either colony or stool blot sample by the hybridization assay.

Hybridization with a polynucleotide probe for EIEC consists of several steps as
described below:

1. Plasmid purification of cloned DMA (pRM 17) that contains the 17 kb fragment.
2. Endonuclease digestion of plasmid DMA.
3. Spotting of bacterial colonies.
4. Gel electrophoresis and elution of the 17 kb fragment.
5. Preparation of a-32P labelled 17 kb DMA by nick translation method.
6. Hybridization assay.
7. Autoradiography.

PLASMID PURIFICATION OF PRM17

1. Grow bacterial cells in 200 ml of LB broth overnight with either rolling in a rotator
at 37°C or shaking in a water bath (100 ml/flask).

LB medium (Luria-Bertani medium)

To 950 ml of deionized H20 add:
Bacto-Tryptone 10 g
Bacto-Yeast Extract 5 g
NaCI 10 g

2. Shake until the solutes have dissolved. Adjust the pH to 7.0 with 5N NaOH
(0.20 ml). Adjust the volume of the solution to 1 liter with deionized H2O. Sterilize
by autoclaving for 20 minutes at 15 Ib/sq. in.
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Isolation of plasmid DMA

1. Transfer bacterial cell suspension from broth to 1.5 ml microcentrifuge tubes (18
tubes).

2. Spin at 1 2,000 rpm for 15 seconds.

3. Aspirate supernatant and resuspend pellet in 100//I cold solution I (see Appendix for
solutions I, II, III).

4. Hold at 0°C in ice for 30 minutes.

5. Add 200//I of solution II. Mix by gentle shaking. The solution should become clear
after 5 minutes at 0°C.

6. Add 150//I of cold solution III. Gently invert the tube. Chromosomal DNA will clump
and precipitate.

7. Hold the tubes at 0°C in ice for at least 60 minutes.

8. Spin at 1 2 000 rpm for 10 minutes.

9. Transfer supernatant (approximately 400/t/l) to fresh tube.

10. Add 1 ml of cold ethanol (-20°C) and mix well.

11. Hold the tubes at -70°C for 30 minutes.

12. Spin at 12 000 rpm for 10 minutes.

13. Aspirate supernatant and resuspend pellet in 100//I of 0.1M NaOAc and 0.05M
Tris HCI, pH 8.0.

14. Add 200//I of cold ethanol (-20°C) and mix well.

15. Hold the tubes at -70°C for 30 minutes or at -20°C overnight to precipitate the DNA.

16. Spin at 12 000 rpm for 10 minutes.

17. Aspirate supernatant.

18. Air dry the tube.

19. Dissolve the DNA in 25 //I of TE buffer.

ENDONUCLEASE DIGESTION OF DNA

Reaction mixture

DDW 49 fj\
Plasmid DNA 25 fj\
Reaction buffer #3 8 //I
EcoRI enzyme (10 Unit///l) 8 jj\

1. Incubate the DNA at 37°C for 2 hours in a water bath.
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2. Store at 4°C overnight or until use.

SPOTTING OF BACTERIA ON PLATE

1. Pick up the colony from original plate and spot on MacConkey plate as shown in the
figure.

2. Incubate at 37°C overnight.

Blotting on Whatman 541 paper

1. After cell growth, mark Whatman 541 paper for orientation and lay over colonies.

2. Gently apply pressure with glass spreader to remove any air bubbles.

3. Lift Whatman paper off the colonies.

4. Place the 541 paper on Whatman paper No. 3 in glass petri dish saturated with
solution I.

5. Boil in microwave oven for 30 seconds.

6. Immerse in solution II for 4 minutes.

7. Air dry on paper towels with 2 changes.

8. Keep at room temperature overnight.

FIG. 1.
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GEL ELECTROPHORESIS OF PLASMID DMA AND ELUTION OF A 17 kb FRAGMENT GEL

Preparation

1. Prepare 0.7% agarose in TB buffer at boiling temperature.
2. Pour the warm agar on minislab gel plate, leave until solidified.
3. Remove the comb out of gel.

Sample preparation

1.

2.

3.

Standard
Standard
TE buffer
Dye

Plasmid DNA
Plasmid DNA
TE buffer
Dye

Digested plasmid DNA
Digested plasmid
Dye

3
7
10

3
7
10

81
81

jj\
u\
(J\

fj\
fj\
fJ\

fJ\
jj\

1. Apply each sample into the wells as shown in the figure below:

Samples
0.7% agarose gel

Std
i_

FIG. 2.

2. Run electrophoresis at 80 volts for 90 minutes.

3. Remove gel and place in distilled water with a drop of ethidium bromide and leave for
10 minutes.

4. Remove gel into distilled water.

34



5. Cut DNA band by using an ultraviolet transluminator and take photograph.

6. Cut DNA band into fine pieces.

7. Fill in the chamber of an Isco electrophoretic concentrator.

8. Add buffer into the chamber of the concentrator in following order:

75 ml of buffer III in compartment A at the same time with 90 ml of buffer III in
compartment B.

90 ml of buffer II in compartment C at the same time with 75 ml of buffer III in
compartment D.

9. After applying the electric current (1 Watt) for at least 4 hours, remove the buffer out
of the wells and collect concentrated DNA (200 ju\) into 1.5 ml microcentrifuge tube.

10. Add cold 3M NaOAc pH 5.2 fj\ (0.1 % of DNA volume).

11. Add cold ethanol 440//I (2 x of total volume), gently mix.

12. Keep at -20°C overnight.

Gel electrophoresis to determine DNA concentration

Run gel electrophoresis of DNA (1 ywl) + TE (9//I) + Dye (10//I) to determine DNA
concentration and compare with the lambda DNA digested with Hind III.

PREPARATION OF a-32 P LABELLED 17 kb DNA BY NICK TRANSLATION METHOD

1. Reaction mixture

H20 8.0 u\
Nick translation buffer 5.0 jj\
Cold (A,G,T) 4.0 fj\
17 K base (0.1 yug/ml) 2.5 //I
Polymerase I 0.5 fj\
DNasel* 3.0 /j\
dCTP (a-32P) 7.0 jj\
Total volume 30.0 fj\

* DNase I (sigma) stock solution = 10 mg/ml in 50% glycerol.

Make 1:10 000 dilution = 1 ng///l

2. Incubate at 14°C for 90 minutes.

3. Stop reaction with 0.5M EDTA pH 8.0, 5 //I.

4. Incubate at 65°C for 10 minutes.

5. Set Sephadex G-50 column at room temperature for 30 minutes.

6. Remove caps and centrifuge at 2000 rpm for 3 minutes.
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7. Load DNA probe on surface of Sephadex G-50.

8. Centrifuge at 2000 rpm for 4 minutes.

9. Collect fraction of approximately 150 fj\.

10. Count radioactivity in 1 //I fraction.

11. Boil the rest for 10 minutes to denature, and store at -20°C.

Hybridization

Hybridize in hybridization solution with denatured probe at 42°C for 2 hours,
(concentration of probe = 2 x 105 cpm/ml HB and 0.5 ml/filter).

Hybridization solution

Final concentration:
50% formamide/2x Denhardt's/4 x SET/0.4% SDS/20/yg/ml CTD/ 6% PEG-8000/
500//g/ml heparin.

Stock 100ml

100% formamide 100% 50.0
100% Denhardt's 100% 2.0
20% SET 20 x 20.0
1 mg/ml CTD (denatured) 2.0
40% PEG-8,000 40% 15.0
50 mg/ml heparin 50 mg 1.0
H2O 9.5

HYBRIDIZATION ASSAY

Prehybridization

Soak Whatman paper in prehybridization buffer for 2 hours.

Prehybridization buffer for 32 P probe

Final concentration = 10 x Denhardt's/4 x SET pH 8.0/0.5% SDS

/10/vg/ml CTD

50ml 100ml

100 x Denhardt's solution 5.00 10.00
20 x SET 10.00 20.00
20% SDS 1.25 2.50
1 mg/ml CTD (denatured) 0.50 1.00
H2O 33.25 66.50

Note

1. 20% SDS should be added after H2O to prevent precipitation.
2. CTD (calf thymus DNA) must be heated in boiling water for 5-10 minutes and cooled

before use.
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Post-hybridization

1. Prepare washing solution 2000 ml/50 filters.

2. Wash the hybridized filters in 2 x SSC/0.2% SDS for 10 minutes at room
temperature, repeat once on swirl shaker.

3. Wash filters in 2 x SSC/0.2% SDS for 10 minutes at 65°C. Repeat the process
twice.

4. Wash filter in 0.1 x SSC/0.1 % SDS for 15 minutes at 65°C. Repeat the process
once.

5. Rinse filters in 2 x SSC at room temperature for 10 minutes.

6. Blot dry and air dry.

Washing solution
Final volume 20 x SSC + 20%SDS + H2O

ml ml ml
1. 2 x SSC/0.2% SDS =4000 ml 400 40 3560
2. 0.1% SSC/0.1 SDS = 2000ml 10 10 1980
3. 2 x SSC = 2000ml 100 - 1900

AUTORADIOGRAPHY

1. Tape filters on a sheet of paper into a film holder.
2. In a dark room, put an X ray film in between the paper sheet and the intensifying

screen.
3. Incubate at -70°C overnight.
4. Develop the film after 24 hour incubation.

APPENDIX

1. LB broth (prepare fresh daily)

2. Solution I (hold at 0°C)

50 mM glucose
10mM EDTA
25 mM Tris HCI, pH 8.0
5 mg/ml Lysozyme

For 5 ml of working solution use:

250 jj\ of 1M glucose (sterilized by 0.45//m Millipore membrane)
50 //I of 1M EDTA (sterilized by autoclaving)
125 fj\ of 1M Tris HCI (sterilized by autoclaving)
0.025 g of lysozyme (kept at 4°C)
make to 5 ml by DDW

3. Solution II

0.2N NaOH
1 % SDS
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Working solution

2 ml of 0.4N NaOH {sterilized by autoclaving)
2 ml of 2% SDS (sterilized by autoclaving)
Store at room temperature (stable for approximately 1 week)

4. Solution III

3M NaOAc, pH 4.8

Dissolve anhydrous NaOAc in minimal volume DDW. Titrate to pH 4.8 with glacial
acetic acid. Bring to full volume and store at 4°C.

5. IMTris (pH 8.0)

Dissolve 121.1 g Tris base in 800 ml of DDW. Adjust the pH to 8.0 by adding
approximately 42 ml of concentrated HCI. Sterilize by autoclaving.

6. TE buffer (pH 8.0)

10mM Tris. HCI (pH 8.0)
1 mM EDTA (pH 8.0)

7. 0.01 M EDTA (pH 8.0)

Add 3.722 g of EDTA.2H2O to 800 ml of DDW. Stir vigorously on a magnetic stirrer.
Adjust the pH to 8.0 with NaOH (0.4 g NaOH pellets). Sterilize by autoclaving.

8. 0.7% agarose

Boil 1.4 g agarose in 200 ml TE buffer with magnetic stirrer.

9. l O x T B

Dissolve 108 g of Trisma base, 55 g of boric acid, 9.3 g of EDTA disodium salt in
DDW. Adjust the pH to 8.3 and bring to 1 litre.

10. Ethidium bromide (10 mg/ml)

Add 1 g of ethidium bromide to 100 ml of DDW. Stir on a magnetic stirrer for several
hours to ensure that the dye has dissolved. Wrap the container in aluminium foil or
transfer to a dark bottle and store at 4°C.

11. Buffers for electrophoresis concentrator (10 x)

Buffer II 100mM Tris
0.2 mM EDTA
Adjust to pH 7.8

Buffer III Prepare 3 M sodium acetate in 1:2 dilution of buffer II.

12. 3M Sodium acetate pH 5.2

Dissolve 408.1 g of sodium acetate.3H2O in 800 ml of DDW. Adjust the pH to 5.2
with glacial acetic acid. Adjust the volume to 1 litre. Sterilize by autoclaving.
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13. Buffers for colony hybridization

Solution I 0.5M NaOH
1.5MNaCI
Dissolve 20 g of NaOH and 87.75 g of NaCI in DDW.

Solution II 1 M Tris
2M NaCI

Dissolve 121.1 g of Tris and 117 g of NaCI in DDW and adjust the
pH to 7.0.

Buffers for preparation of 32 P-labelled DNA (17 kb) probe

14. 0.5M EDTA pH 8.0

Add 186.1 g of EDTA. 2H2O to 800 ml of DDW. Stir vigorously on a magnetic
stirrer. Adjust the pH to 8.0 with NaOH (20 g of NaOH pellets). Sterilize by autoclaving.

15. Denhardt's solution (100 x)

Ficoll 10 g
Polyvinylpyrrolidone 10 g
BSA (Pentax Fraction V) 10 g
H2O to 500 ml

Filter through a disposable Nalgene filter. Dispense into 25 ml aliquots and store at -20°C.

16. SET (20 x)

30 mM Tris, pH 8.0
150mM NaCI

1 mM EDTA

17. 20% SDS (sodium dodecyl sulfate)

Dissolve 200 g of electrophoresis grade SDS in 900 ml DDW. Heat to 68°C to assist
dissolution. Adjust the pH to 7.2 by adding a few drops of concentrated HCI. Adjust the
volume to 1 litre.

18. 20xSSC

Dissolve 175.3 g of NaCI and 88.2 g of sodium citrate in 800 ml of DDW. Adjust
the pH to 7.0 with a few drops of 10 N solution of NaOH. Adjust the volume to 1 litre.

Sterilize by autoclaving.
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INTRODUCTION

In recent years, significant advances in the knowledge of DMA and its make up have
led to the development of a powerful technique called polymerase chain reaction {PCR).
The term PCR can be defined as "a primer mediated enzymatic amplification of specific
genomic or cloned sequence". Since the advent of PCR, laboratories around the globe
have been exploiting this technology to bridge limitations or to overcome common
problems normally encountered in molecular biology techniques. In addition, this
technology has been employed successfully in diagnostic and basic scientific research and
development. Nowadays, PCR technology is fast becoming common place among
molecular biology laboratories.

PCR can be considered as a second generation molecular biology technique with
several inherent advantages. The technique is fast and relatively easy to perform. The
virtue of the technique lies in its sensitivity and specificity. The true potentials of this
technology is realized in early detection of pathogens and genetic abnormalities. More
recently, with advances in knowledge of genetic basis of disease pathogenesis, PCR has
been utilized to study genetic predisposition and disease association. Genetic markers of
diseases have been extensively studied and identified. Regulative gene expression and
disease association has been elucidated in several systems in mammals. The recent utility
of antisense RNA and DMA in regulating gene expression has been realized. PCR can be
used as quantitative tools to measure the extent of gene expression as a function of
regulative agents both in vivo and in vitro.

The basis of PCR lies in our knowledge of DMA replication. With current knowledge
of DNA technology, DMA sequence information is now available through many databases.
These databases can be accessed and sequence information of genes from a variety of
organisms obtained. Utilizing Watson-Crick base complementary rules, a pair of synthetic
DNA (so-called synthetic oligonucleotides) complementary to segments of DNA to be
amplified can be custom synthesized. These synthetic primers can then serve in locating
and selecting specific complementary sequence to be amplified.

PCR can be characterized as having 3 distinct processes:

1. Denaturation: This process involves separation of the double-stranded DNA template
by heat in excess of 90°C. The denatured DNA strands are then ready to be primed.

2. Annealing: This step involves primers finding the correct complementary sequence
and binding to these via hydrogen bonding. This is achieved by lowering the
temperature to optimal annealing temperature which is based on sequence
composition (G/C content) of the duplex.

41



3. Extension: This step involves extension of both primers in 5' to 3' direction in a
sequence specific manner.

Another key component of PCR is the enzyme DNA polymerase. In early PCR
reaction where Klenow fragment of DNA polymerase was used, addition of the enzyme
after each cycle was required. This was necessary because the enzyme would be
inactivated during the denaturation step. This practice proved to be cumbersome and
contributed to high degree of false positive results. Recently Kary Mullis and coworkers
announced a major breakthrough in PCR technology. By using a DNA polymerase prepared
from a species of thermobacillus which thrived in hot springs, PCR can now enjoy
uninterrupted amplification. The enzyme has since then been produced by recombinant
DNA technique. More recently, other thermostable enzymes from a number of
thermobacilli have been isolated.

One important consideration for performing routine PCR is the issue of quality control.
This is based on the fact that this powerful technique can offer both advantages and
disadvantages. The advantages have been discussed above. The disadvantages involved
fallacious laboratory practices, not the inherent problem of the technology. While PCR is
a very sensitive detection technique, careless handling of PCR protocols could lead to
spurious results. Exogenous sources of contamination can easily be introduced into
samples which otherwise would not be amplifiable. This could lead to difficulties in
interpretation of data. Minute contamination of sample and reagents by target DNA will
be amplified and scored as positive. Several precautionary steps must be taken to insure
fidelity of the assay.

The most commonly practiced PCR protocols involve amplification of target DNA or
cDNA sequences and analysis of PCR product by electrophoresis. The product is normally
further identified by hybridization with probes complementary to regions inside of both
primers, a validated detection technique. Another alternative PCR protocol involves
enhancing sensitivity and specificity by use of successive amplification, the so called
"booster or nested PCR". While this practice is useful in enhancing sensitivity, the method
is not yet practical for routine diagnostic use, especially when performed by inexperienced
or careless laboratory technicians. The procedure calls for amplification of target DNA for
a few cycles, followed by transferring part of the reaction to another tube containing
"booster or internal primers". This however increases the chance for cross contamination
of post-PCR product from the first amplification to pre-PCR mixture of the second
amplification. In addition, this procedure is a few times more costly than normal
amplification in that the frequently used and accepted protocol calls for a two step
amplification of 4 sets of primers in succession. Nested PCR's true potential lies in
research for it can amplify low abundant and rare target DNA for further analyses.

Other applications of PCR includes environmental monitoring for presence of
pathogens, and genetic abnormalities. The potential of PCR in diagnosis of prenatal and
perinatal genetic abnormalities such as Phenylketonuria, Duchene's Muscular Dystrophy,
Sickle Cell Anemia, Thalassemia, etc. has been realized in clinical diagnostic research, and
in the decade, the method is expected to become common place in all research and
diagnostic laboratories.

In this paper two PCR protocols are described. The first is for the detection of HIV-1
DNA in blood, the other for detection of rabies virus RNA in brain cells.

DETECTION OF HIV-1 BY THE POLYMERASE CHAIN REACTION

In this protocol the positive control sample is obtained from a commercial supplier
such as Cetus-Elmer Corp. and is not infectious as indicated in the supplier's brochure
which is paraphrased below.
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Retroviruses are a class of viruses that package RNA in their viral particles, but once
in the cell, replicate through a DNA intermediate (Fig. 1). From the turn of the century,
members of this class of viruses have been known to be associated with various diseases
in animals (for example, Equine Infectious Anemia Virus [EIAV]). It was not until 1970that
Drs Baltimore and Temin identified the viral enzyme that is necessary for making a DNA
copy of the viral RNA genome upon entering a cell. This enzyme was termed reverse
transcriptase (RT) because the reaction it catalyzed was the "reverse" or opposite in
direction from that in which the transfer of molecular information was thought to
exclusively occur, namely, from DNA to RNA. Extensive studies of the genomic structure,
functions of viral proteins, and molecular pathogenesis of the animal retroviruses have
been carried out over the last twenty years. The first human retrovirus, T cell lymphotropic
virus (HTLV-I) was described in 1980. HTLV-I was identified as the pathogen that caused
adult T cell leukemia. Subsequently, this same virus was linked to the development of a
chronic progressive myelopathy. Not long after, a second related virus (HTLV-II) was
identified but, to-date, has not been linked to any specific disease. It was within this
scientific climate that Drs. Gallo, Montagnier and their colleagues linked the third human
retrovirus, the human immunodeficiency virus (HIV-1), to the disease, AIDS. More
recently, a fourth human retrovirus (HIV-2) was characterized and shown to also cause
AIDS.

The replication of the retroviruses within cells requires a specific structure of the viral
genome and an intact and functional reverse transcriptase gene. As indicated above, the
first step in the replication of retroviruses is the production of a double-stranded copy of
the single-stranded RNA genome. The DNA copy of the viral genome has been termed the
provirus. The next step of the viral life cycle employs integration of the proviral DNA into
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FIG. 1. Replication of retrovirus RNA.

43



the host cellular DNA. It is at this stage that the viral genetic information lies dormant and
requires the application of the polymerase chain reaction (PCR) for its unambiguous
detection^ The production of RNA viral genomes requires the recognition of the viral
regulatory region, (the promoter) and because of its structure (see below), the long
terminal repeat (LTR) by a cellular enzyme (RNA polymerase) to initiate the synthesis of an
RNA copy of the viral genetic information. It is this RNA copy of the viral genome that is
packaged first in a core with a viral protein called the nucleocapsid protein (the product
of the gag gene). The core is then coated with another viral protein designated the
envelope protein (the product of the env gene). Copies of the reverse transcriptase (a
product of the pol gene) are also packaged and are found in the core of the viral particle.
Without this reverse transcriptase the virus is unable to propagate itself since the host cell
lacks this enzyme.

The virus is incapable of entering all cells. Before cell infection can occur, specific
regions of the envelope protein bind to a protein (i.e. CD4) on the surface of a specific type
of immune cell, a T4 or T helper cell. Cells without CD4 can not be infected with this
virus. Although other types of cells contain the CD4 protein on their surface, most cells
do not contain this protein. Naked DNA, by definition, lacks the envelope protein
necessary to allow this specific recognition to occur and is therefore not considered to be
infectious in the classic sense. Specifically, mere incubation of the DNA with target cells
does not result in infection. Virologists have, however, over the years developed
laboratory procedures that allow the entry of naked DNA into cells. The method most
commonly used, the calcium phosphate transfection procedure, requires the exposure of
nucleic acid to concentrations of calcium phosphate not typically found in nature before
cell entry is accomplished. In fact, a vast excess of DNA (i.e. 5-10 x 10"6 grams) is
required to even transfect 10-20% of the cells while extremely small amounts of the virus
with protein envelope (10"15 grams) can readily lead to infection of all of the cells. The first
level of biosafety provided is the use ofnaked DNA rather than packaged virus particles.

Figure 2 contains a schematic representation of the structure of the retroviral genome
and the distribution of the viral genes. In addition to the genes noted above, there are at
least another 8 genes that play a role in the regulation of the viral life cycle. The products
of these genes effect different aspects of the virus life cycle and make up an intricate and
complex regulatory pathway. If the viral genome is rearranged such that the termini of
the viral genome, the regions required for the production of the RNA viral genome, are
present only in an internal position, rather than being duplicated at the termini, replication
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FIG. 2. Schematic representation of the structure of the retroviral genome and the distribution
of the viral genes.
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of infectious viral RNA is prevented. The second level of biosafety is the use of a viral
genome with rearranged termini. The rearrangement of the viral genome also included
disruption of the very gene essential for viral reproduction, the gene for the reverse
transcriptase. The molecular severing of the reverse transcriptase gene serves as the third
level of biosafety. Finally, to further modify (linearize) the plasmid containing the
rearranged HIV-1 proviral genome, the circular DNA was cleaved with an endonuclease
(Bgl 1). Should any of the control DNA get into cells, linearization of the DNA makes it
susceptible to both endonuclease and exonuclease degradation. The molecular cutting of
the plasmid DNA represents the fourth level of biosafety.

The extremely small amount of DNA provided in the HIV-1 positive sample (1.5 x
10~12 grams) (the fifth level of biosafety) coupled to the four levels of biosafety described
above provides overwhelming confidence that the HIV-1 positive control DNA provided in
the commercial research kit for the detection of HIV-1 is not capable of leading to infection.

In order to empirically evaluate the infectivity of the HIV-1 positive control DNA, an
experiment was carried out and described separately to confirm that this material is
incapable, even in the most optimal case, of propagating virus in tissue culture. The levels
of biosafety provided and the infectivity study carried out provides overwhelmingly
convincing evidence that the material in the kit is biologically safe.

Sample preparation

(Adapted from PCR Protocols, M. Innes, et a I., Academic Press, Inc. (1990) with
some modifications.)

All samples, including clinical specimen, must be handled and disposed as if they
contain a transmittable infectious agent. Lab coats, masks, safety glasses and gloves must
be worn. Wash hands thoroughly when work is completed.

1. Collect 5 to 10 ml of whole blood by venipuncture in either an ACD (acid citrate
dextrose) or EDTA tube (10 ml whole blood: 2 ml of 5 vol EDTA).

Note: It is not advisable to use heparinized tube because residual heparin will
inhibit Taq DNA polymerase activity.

2. Pipette 3 ml of Ficoll-Hypaque solution (12 vol of 9% Ficoll: 5 vol of 34% Hypaque)
into a conical centrifuge. Carefully layer 5 ml of whole blood on top of the
Ficoll-Hypaque.

3. Centrifuge at room temperature for 30 minutes at 400 g in a swinging bucket rotor
(clinical centrifuge may be used).

4. Use a sterile transfer pipette and collect the mononuclear cell fraction (opaque band
located at the gradient interface) into a 1.5 ml microcentrifuge tube. Centrifuge for
30 seconds in a microfuge to pellet the cells.

5. Add phosphate-buffered saline (PBS) to the sample to 1.5 ml. Mix gently and spin
in a microcentrifuge for 30 second to pellet the cells. Repeat this step twice.

6. At this point, DNA can be extracted from the pelleted cells.

7. To use the cells immediately, resuspend the cells in 100 fj\ solution A, then add 100
jj\ solution B and proceed to step 4 in the next section.
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Solution A

0.1 M KC1
10mMTris.HCI(pH8.3)
2.5 mM MgCI2

Solution B

10mMTris.HCI (pH 8.3)
2.5 mM MgCI2
1 % Tween 20
1 % NP-40

DNA extraction

DNA can be extracted from either buffy coat or peripheral blood mononuclear cells
(PBMC) as per above protocol. There are two other methods currently being used in our
laboratory.

DNA extraction by salting out

1. To a microcentrifuge containing buffy coat or PBMC, add 1 ml of ice-cold RCLB, mix
by pipetting up and down IMMEDIATELY. Centrifuge 10 000 rpm for 30 seconds.
Discard supernatant. Wash pellet twice with ice-cold RCLB.

Red cell lysing buffer (RCLB)

TOmMTr is (pH 7.6)
5 mM MgCI2

2. Add 1 ml of ice-cold WCLB, mix IMMEDIATELY.

White cell lysing buffer (WCLB)

10mMTris (pH 7.6)
10mM EDTA (pH 8.0)

3. Add 17 //I of 10% SDS and mix with automatic pipette.

4. Add 17/yl of Proteinase K solution (10 mg/ml) and mix with automatic pipette.

5. Incubate at 42°C for 2 hours or overnight.

6. Centrifuge 15 second in a microcentrifuge.

7. Add 370 fj\ of 6M NaCI, vortex immediately.

8. Centrifuge as in 6 above.

9. Place supernatant in a fresh 5 ml plastic tube. Add 2.8 ml of 95% Ethanol. Mix by
inversion of tube. You should see DNA strands immediately. At this point you can
store DNA at 4°C.

10. Use a fresh pipette tip to take DNA strands and place then into a new
microcentrifuge tube. Wash DNA strands with 1 ml of 70% ethanol twice.
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11. Centrifuge @ 10 000 rpm for 30 seconds. Discard the supernatant.

1 2. Dry DMA in a speedvac.

13. Dissolve DNA in 30 //I of TE buffer.

TE buffer

10mMTris.HCI (pH 7.6)
1 mM EDTA (pH 8.0)

14. Store DNA at -20°C until use.

Rapid DNA extraction protocols

The following procedure is provided as an alternative method for extracting DNA
from biological materials such as whole blood (fresh, refrigerated or frozen) and blood
stains. This method has been used with the AmpliTypeTM HLA DQ Kit by scientists at
Cetus Corporation.

Chelex is a chelating resin with a high affinity for polyvalent metal ions. The Chelex
resin is composed of styrene divinylbenzene copolymers containing paired Aminodiacetate
ions, which act as chelating groups. It has been postulated that the presence of Chelex
during boiling prevents the degradation of DNA by chelating metal ions that may act as
catalysts in the breakdown of DNA at high temperatures in low ionic strength solutions.
The basic Chelex procedure consists of boiling the sample in a 5% Chelex solution, and
then adding a fraction of the supernatant directly to the PCR Mix. Note: this Chelex
procedure results in denaturation of the sample DNA.

1. Pipette 1 ml of H2O into a sterile 1.5 ml microfuge tube. Add 10//I of whole blood.

2. Incubate at room temperature for 30 minutes. Mix occasionally by inversion or gentle
vortexing.

3. Spin in microcentrifuge for 2 to 3 minutes at 10 000 g to 15 000 g.

4. Remove supernatant (all but 20 to 30 //I) and discard.

5. Add 5% Chelex to a final volume of 200//I (Chelex 100 (100-200 mesh, sodium
form, biotechnology grade, Bio-Rad)).

6. Incubate at 56°C for 30 minutes.

7. Vortex at high speed for 5 to 10 seconds.

8. Boil in a boiling water bath for 10 minutes.

9. Vortex at high speed for 5 to 10 seconds.

10. Spin in a microcentrifuge for 2 to 3 minutes.

11. Add 20//I of the supernatant to the PCR mix.

Note: When pipetting Chelex stock solutions, the resin beads must be distributed
evenly in solution; this can be achieved by gently mixing with a stir bar in a
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beaker. Also the pipette tip used must have a relatively large pore-1 ml
Pipetman tips are adequate.

DNA BASED PCR

DNA amplification

Each sample is initially analyzed with a primer pair that amplifies a region of human
beta globin gene to determine if the DNA is of sufficient quality for PCR amplification.
Samples are then amplified along with the HIV primer pair in the same reaction tube. The
conditions recommended below were optimized for the primer pair SK38/39. Each
amplification is performed in a final volume of 50//I.

1. Prepare 40//I of the master mix which contains:

10 x buffer II (PCR core reagent)* 5 p\ ( 1 x )
10mMMgCI2 15 /J\ (3 mM)
Primer SK 38 0.2 //I (0.1//M)

SK39 0.2 fj\ (0.1//M)
GH 20 0.1 fj\ (0.1 juM)
PC 04 0.1 fj\ (0.1//M)

AmpliTagTM 0.2 jj\ ( 1 U }
Distilled H20 up to 40 //I

"PCR buffer II (GeneAmp PCR core reagent).

500 mM KCL, 100 mM Tris-HCI pH 8.3

2. Overlay 50 jj\ of mineral oil.

3. Add 2 fj\ of the DNA sample.

4. Spin the tubes for a few seconds in a microcentrifuge to bring the liquid to the
bottom.

5. Place the sample tubes in a DNA thermal cycler (Perkin-Elmer Cetus Model TC1 or
TC 480). Perform the 'thermal-cycle' file as follows:

a. 'Hot start' at 80°C for 10 minutes. Add cold 8//I of 1.25 mM dNTPs (200//M).
b. denature at 96°C for 1 minute;

anneal at 55°C for 30 seconds;
extend at 55°C to 96°C for 2 minutes;
cycle counts = 50.

c. final extending at 72°C for 10 minutes.

6. Stop reaction by chilling at 4°C.

Analysis of amplification product

A portion of 5-10//I amplification product is electrophoresed in agarose gel. Stain
the gel with ethidium bromide and photograph. The amplification product should be
confirmed by either dot/slot or southern hybridization by a specific internal probe.
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AGAROSE GEL ELECTROPHORESIS

Agarose gel electrophoresis

Reagents

The most commonly used gel buffers are either TAE (Tris-Acetic acid-EDTA) or TBE
(Tris-Borate-EDTA). In this exercise, TBE is used at final concentration of 0.5 x.

1. 5 x TBE buffer (0.45 M Tris Borate, 10 mM EOT A)

Tris base 54.0 g
Boric acid 27.5 g
EDTA disodium salt 1.86 g
Distilled water to 1000ml

2. Running buffer

This is prepared by diluting 100 ml of 5 x gel buffer to 1 liter in distilled water and
adding 50//I ethidium bromide solution (10 mg/ml) to a final concentration of 0.5//g/ml.

3. Size marker

pBR 322 digested with Haelfl gives a good range of fragments in the sizes: 587,
540,504,458,464,267,234,213, 192,184, 124, 123, 104,89,80,64, 57, 51,21,
18, 11,8bp.

Many laboratories use in-house preparation of size markers, such as pBR322 digest
with HinfI which gives fragments of 1631, 517, 510, 399, 344, 298, 220-221,154 and
75 bp long for use in PCR gels.

Note: On many PCR product analysis, a 1.2 to 1.5% agarose is used routinely.
Alternatively one can use a 3% of 3:1 Nusieve agarose for more qualitative
analysis with superior resolution to normal electrophoresis grade agarose.

4. Loading buffer (50% Glycerol and 0.25% Bromophenol blue).

5. Ethidium bromide solution (10 mg/ml).

Procedure

1. Place the casting tray on a level surface and keep the running plate inside the casting
tray.

2. Prepare the 2% agarose solution (this concentration is for separation of DNA less
than 500 bp).

Agarose (Molecular Biology grade) 2 g
Distilled water 90 ml
5 x gel buffer 10 ml

Melt agarose in microwave oven for 45 s using medium setting. Allow the gel to
cool down to approximately 60°C before adding the ethidium bromide solution. Care
should be taken so that the suspension does not boil over.
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3. Pour the agarose only after it cools downs to 50°C to avoid damaging the plastic
plates.

4. Place a comb across the rim of the casting tray to form sample wells. Adjust the
height of the teeth so that they penetrate the gel but leave about 1 mm of gel
between the teeth and the running plate.

5. Allow the gel to set for at least 30 minutes.

6. Remove the comb carefully.

7. Lift the running plate out of the casting tray and peel off any gel adhering to the
underside of the plate. Transfer the plate and the gel to the main unit.

8. Fill each buffer chamber of the main unit with running buffer containing 0.5 yug per
ml of ethidium bromide until the buffer reaches the upper surface of the gel, but not
completely drowning the gel itself. This offers the advantage in that when several
gels are used in tandem, the load placed on a power supply is greatly reduced.

9. Prepare the DNA samples as follows:

8-10 fj\ of the DNA into an Eppendorf tube. Add 1-2//I of the loading buffer.

10. Load the samples carefully using a Gilson pipette.

11. Electrophoresis at constant voltage (1-10 V/cm). Samples always run toward the
positive pole (red).

12. Stop the power when the dye front reach 2/3 of gel length.

1 3. Visualize the gel pattern under UV-illumination. Photographic records may be made.

Note: Use gloves to handle gels or buffers containing ethidium bromide which is a
powerful mutagen.

DOT AND SOUTHERN HYBRIDIZATION

SOUTHERN BLOTTING

(Ftef. Southern EM, J. Mo/. Bio/. 1975, 98:503-517)

This procedure describes the transfer of DNA fragments from agarose gels to
nitrocellulose filters producing a replica of the bands in the original gel and enabling the
subsequent detection of the fragments by hybridization with specific probes. The method
involves the denaturation of DNA in the gel by alkali, neutralization of the alkali and elution
of the denatured DNA fragments by capillary action or by electrophoresis.

Transfer by capillary action

Procedure

1. After electrophoresis of DNA on an agarose gel and photographing by using MP-4
Polaroid on 667 film and transilluminator, depurinate the gel in 0.25 N HCI for 1 5-30
minutes. Rinse in H2O (this is optional for PCR product of less than 1 KB in size).
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2. Place the gel in a shallow tray covered with the denaturing solution for 20 minutes
with frequent gentle agitation.

Denaturation solution

0.5 M NaOH
1.5M NaCI

3. Decant the denaturing solution and rinse the gel with distilled water.

4. Add the neutralizing solution and soak the gel for 30 minutes with gentle agitation.

Neutralizing solution

0.5 M Tris.HCI (pH 7.0)
3M NaCI

5. During this time cut out a piece of nitrocellulose filter approximately to the size of the
gel and wet the filter in water then in 20 x SSC.

6. Set up a transfer apparatus as shown in Figure 3.

Care must be taken to ensure that there are no air bubbles trapped between the gel
and the nitrocellulose filter and also between the filter and the blotting sheets.

7. Leave overnight. Make sure there is sufficient buffer in the tray when you leave the
laboratory.

8. Dissemble the blot and rinse the nitrocellulose filter with the contact face down for
15 minutes in 2 x SSC with gentle agitation to wash off excess agarose.

9. Air dry the filter for 30 minutes. Make certain that the filter is absolutely dry.

10. Bake in vacuum oven at 80°C for 2 hours.

DOT BLOTTING

1. To DNA sample, add 1 N NaOH to a final concentration of 0.25N. Incubate at room
temperature for 10 minutes. Immediately place on ice.

2. Add equal volume of 0.25 x SSC.

3. Spot the DNA (1-2 ywg/spot) on nitrocellulose membrane and air dry at room
temperature for approximately 30 minutes. The total sample volume should not
exceed 5 j j \ .

4. Bake for 2 hours at 80°C in a vacuum oven.

ISOTOPIC DNA HYBRIDIZATION

Probe labelling

Methods for labelling with 32P are described in the preceding two papers by P.
Tapchaisri and O. Werichantalergs et al. The procedure below uses the 5' end labelling.
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TOP VIEW

Saran Wrap

20XSSC 20XSSC

SIDE VIEW

plate

i' of paper

wet 3MM(20XSSC)

3 MM WICK — Gel (upsidecb^n)

2oxS5C

F/G. 3. Transfer apparatus for southern blotting.

32P-labelling of the 5' end of DNA

5' end labelling of restriction fragments by T4 polynucleotide kinase using 32P requires
5' OH ends. Oligonucleotides already possess free 5' OH group and need not by
dephosphorylated prior to the labeling.
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Procedure

1. Prepare a total 50 /vl labeling mixture as follows:

DNA 5 jj\ (50 pmole)
10 x Kinase buffer* 5 fj\
Gamma-32PATP 50 pmole ~100;wCi
Distilled water 34 //I
T4 polynucleotide kinase 1 jj\ (20 units)

*10 x kinase buffer contains:

0.5M Tris-HCI (pH 7.5)
0.1 M MgCI2
50 mM DTT
1 mM Spermidine
1 mM EDTA

2. Mix by centrifugation briefly and incubate at 37°C for 30 minutes.

3. Stop reaction with 2 fj\ of 0.5 M EDTA pH 8.0.

4. Add 36 fj\ of 7.5M ammonium acetate and 216/;l of cold ethanol. To facilitate
precipitation and recovery of probe, yeast tRNA is added at 20//I of 100//g/ml stock
solution.

5. Mix and incubate at-70°C for 10 minutes.

6. Centrifuge for 10 minutes. Remove the supernatant.

7. Dry the pellet in a speedvac.

8. Redissolve the pellet in 20^1 TE buffer.

Hybridization

(Post-PCR detection by oligonucleotide probes)

Reagent

1. 30 x SSPE:
265 g NaCI
41.4 g NaH2PO4
11.1 g EDTA
add distilled water to 800 ml and adjust pH to 7.4 with NaOH (~6.5 ml of 1ON
solution). Adjust volume to 1 liter with distilled water and sterilize by autoclaving.

2. 50 x Denhardt's solution

Ficoll 5 g
Polyvinylpyrrolidone 5 g
BSA (Fraction V) 5 g
Distilled water 500 ml

Filter through Whatman No.1 paper and store at -20°C.
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3. Hybridization solution:

6 x SSPE, 0.5% SDS, 5X Denhardt's, 100//g/ml salmon sperm DNA.

Procedure

1. Incubate the blot in 10 ml hybridization solution for at least 2 hours at 55°C in a
shaking waterbath.

2. Add the heated probe and hybridize for at least 2 hours at 55°C.

3. Wash the filter in 6 x SSPE for 5 min at room temperature, repeat this step twice.

4. Wash the filter in 1 x SSPE, 0.1 % SDS for 1 5 minutes at room temperature.

5. Wash the filter in 1 x SSPE, 0.1 % SDS for 1 5 minutes at 55°C.

6. Air dry the blot and expose it to autoradiography film for 1 hour. If there is still a
high level of background, wash the filter in 0.1x SSPE, 0.1% SDS at 55°C for 15
minutes. If the blot is to be stripped and reprobed, do not allow it to dry completely.

Autoradiograph

Place the filter inside a Kodak X ray film cassette (with the DNA side up) fitted with
an intensifier screen.

1. Inside a dark room, place an X ray film above the filter and close the cassette.
2. Leave the cassette at -70°C for 1 day.
3. Develop the film.

Alternatively one can use an automatic X ray film processor.

NON-ISOTOPIC LABELLING AND DETECTION

Oligotailing and detection using ECL

The ECL 3' oligotailing system utilizes the enhanced chemiluminescence (ECL)
(associated with horseradish peroxidase catalyzed oxidation of luminol) to detect the
presence of oligonucleotides tailed at 3'end with f luorescein -dUTP (F-11 -dUTP), hybridized
to target sequences on membrane. The labelling reaction (catalyzed by terminal
deoxynucleotidyl transferase [TdT]) introduces a tail of fluorescein-dUTP onto the 3' end
of the nucleotides. Hybridized probes are detected in a two-stage process. The first step
is the development of the fluorescein horse-radish peroxidase (HRP) conjugate. The
second stage is the detection of the bound peroxidase using the ECL detection reagents.

The enzymatic reduction of peroxide is coupled to the oxidation of luminol in the
presence of an enhancer molecule. As the luminol breaks down it passes through an
excited intermediate stage and as this returns to the base stage, light is emitted. This
light output is detected on blue light sensitive film providing a permanent, hard copy result.
Oligonucleotides labeled with the f luorescein-dUTP 3' tail can be used to detect sequences
in many standard Molecular Biology applications such as DNA fingerprinting, Southern
blots, in situ hybridization, colony and plaque hybridization, etc.
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Oligonucleotide labelling

This protocol allows the labelling of single-stranded oligonucleotides bearing a
3'hydroxy group.

Reagents

1. Fluorescein-11 -dUTP.
2. Enzyme terminal transferase 2 U///I in a buffer solution pH 7.
3. 10 x Cacodylate buffer.
4. Water.
5. Control labeled and unlabeled probes.
6. Oligonucleotide probe.

Procedure

1. Place the required tubes from the labeling components, except the enzyme, on ice
to thaw.

2. To a microcentrifuge tube, on ice, add the labeling components in the following order:

Oligonucleotide x j j \ (25-250 pmol)
Fluorescein dUTP 10;ul
Cacodylate buffer 16 jj\
Terminal transferase 16 //I (2u//ul)
Water to 160//I

The volumes corresponding to x and y should be adjusted so that the total reaction
volume is 160//I.

3. Mix gently by pipetting up and down in a pipette tip.

4. Incubate the reaction at 37°C for 60-90 minutes.

5. Store labeled probe on ice for immediate use or place at -20°C for long term storage.
Do not store in a frost-free freezer.

Rapid labelling protocol

The fluorescent properties of the hapten used in the ECL 3'- oligolabeling system can
be exploited to allow the direct detection of labeled DNA so that, it is possible to use a
rapid method to check whether a labeling reaction has been successful before continuing
with the hybridization.

Procedure

1. Draw a grid on a sheet of DE 81 chromatography paper. A negative control
consisting of a 1/16 fluorescein-11-dUTP should be included to confirm that the
washing stages are completed.

2. Apply 5 //I (2 x 2.5 jj\) each labeling reaction into the center of the appropriate
square.

3. As soon as the samples are absorbed (approximately 1 minute), immerse the DE 81
sheet in prewarmed 2 x SSC, 0.1 % SDS. Incubate the blot at 60°C with gentle
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agitation for 15-20 minutes. DO NOT allow the paper to dry before immersion
otherwise unincorporated nucleotide will then wash off very slowly.

4. Pour off the wash solution. Rinse the filter briefly with water (30 seconds), pour off
and replace with ethanol.

5. Remove the DE 81 sheet with forceps and transfer to an absorbent surface to remove
excess fluid.

6. UV transilluminator is used to visualize the fluorescein-labelled DNA as yellow/green
fluorescent spot.

Hybridization and stringency washes

Reagent

1. Hybridization buffer

5 x SSC
0.1 % (w/v) hybridization buffer component
0.02% (w/v) SDS
0.5% (w/v) blocking agent (supplied)

Note: The hybridization buffer and blocking buffer are supplied in the kit. Heat these
solutions to 50-60°C with stirring or frequent agitation, it normally takes up to
30 minutes to dissolve the component.

2. Washing buffer

5 x SSC, with 0.1% SDS.
both containing 0.1 % SDS.
1 x SSC with 0.1% SDS.

3. Buffer 1 (1 liter)

NaCI 0.15 M (8.77 g)
Tris Base 0.1 M (12.1 g)
Adjust pH to 7.5 with cone. HCI and make up to 1 liter.

4. Buffer 2 (1 liter)

NaCI 0.4M (23.4 g)
Tris Base 0.1 M (12.1 g)
Adjust pH to 7.5 with cone. HCI and make up the volume to 1 liter.

5. Bovine serum albumin (fraction V) (0.5%, w/v) in buffer 2 (100 ml).

Protocol

1. Place the blot into the hybridization buffer and prehybridize at 55°C for at least
30 minutes, in a shaking water bath.

2. Add the labeled oligonucleotide probe to the buffer used for the prehybridization step
at a final concentration of 5-10 ng/ml.
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3. Hybridize at 55°C for 1 -2 hours in a shaking water bath.

4. Remove the blot from the hybridization solution and place in a clean container. Cover
with an excess of 5 x SSC, 0.1 % SDS.

5. Incubate at room temperature for 5 minutes with constant agitation.

6. Replace the wash buffer with fresh 5 x SSC, 0.1 % SDS and incubate for a further
5 minutes.

7. Discard the wash solution. Place the blot in a clean container and cover with an
excess of 1 x SSC, 0.1 % SDS. Incubate at room temperature for 15 minutes, and
wash with 0.1 x SSC, 0.1 % SDS in the same manner.

8. Place the blot in 0.1 x SSC, 0.1 % SDS and incubate at 55°C for 15 minutes in a
shaking water bath.

9. Place the filter in a clean container and rinse with buffer 1 for 1 minute.

10. Discard the solution and replace with 0.5% blocking agent (supplied in the kit) in
buffer 1. Incubate 30 minutes.

11. Rinse blot briefly (1 minute) in buffer 1.

12. Incubate the blot in the diluted antibody conjugate solution* for 30 minutes.

*Antifluorescein HRP conjugated.

Dilute antifluorescein HRP conjugate stock by a factor of 1000 in buffer 2 containing
0.5% w/v bovine serum albumin (fraction V).

13. Place the blot in another clean container and rinse with an excess of buffer 2 for
5 minutes.

14. Repeat 3 times to ensure complete removal of non-specifically bound antibody.

Signal generation and detection

Reagent detection reagents 1 & 2

1. Mix detection solutions 1 and 2 to give sufficient reagent to cover the blot.

2. Drain the excess buffer from the blot and add the detection reagent directly to the
blot on the side containing the DMA.
[Do not allow the membrane to dry out.]

3. Incubate for precisely 1 minute at room temperature.

4. Drain off the excess detection buffer and wrap the blot in Glad wrap. Gently smooth
out air pockets.

5. Place the blot with DMA side up in the film cassette. Work as quickly as possible.
Minimize the delay between incubating the blot in substrate and exposing them to
film.
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6. Autoradiograph the blot. One may use manual processing or use any automated
X ray film processor.

EXTRACTION AND ANALYSIS OF RNA FROM
ANIMAL TISSUE AND TISSUE CULTURE FLUID

There are several methods for RNA extraction from a variety of tissues and tissue
cultures. Some of the most commonly employed methods involves separation of RNA from
proteinaceous substances by various means. Examples of these methodologies are:

1. Proteinase K digestion followed by ethanol precipitation.
2. Guanidinium extraction.
3. Urea-SDS extraction.

We will be extracting total cellular RNA from canine brain tissue and cytoplasmic RNA
from cells grown in tissue culture. These RNA preparations will then be utilized in the
RNA-based PCR.

Note: RNA is much more labile than DNA. Extra care such as good laboratory
handling of the samples is recommended. RNA is easily degraded by several
factors, the most important of which is ribonuclease. There are a number of
ways inactivate ribonuclease. One of the most commonly utilized practices is
the use of (0.2%) diethylpyro-carbonate to treat all glassware and reagent.
Another is the use of inhibitors such as RNAse inhibitor from human placenta.
Rat supernantant, vanadyl ribonucleoside and heparin are also used, although
they may interfere with subsequent reactions.

TOTAL RNA ISOLATION BY UREA-SDS EXTRACTION

This is a simple procedure described by Gough [1 ] for preparing total RNA from tissue
culture cells or cell suspensions. The method has been slightly modifed for RNA isolation
from canine brain tissue in our laboraties. It is simple, rapid and reliable in our hands. The
procedure involves homogenization of the tissue or culture in 7M urea plus 1 % SDS
combined with phenol in one step extraction. The RNA is isolated by ethanol precipitation.

RNA extraction from canine brain tissue

Excise brain from the animal. The brain should be kept at -70°C until use. It is
advisable to perform extraction as soon as possible and store the samples in RNA form.

Caution: When working with samples containing infectious agents, all protocols must be
carried out in a biohazard hood and all utensils in contact with samples must be
decontaminated.

Procedure

1. Grind 1 g of brain tissue in 2 ml of extraction buffer* with a hand homogenizer.

'Extraction buffer.

7 M Urea
1 % SDS
0.35 M NaCI
10mM EDTA
10mMTris-HCI (pH7.5)
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2. Transfer the homogenate to a clean tube, and add additional extraction buffer to
make the total volume to 4 ml.

3. Add 4 ml of buffer-saturated phenol and mix vigorously with a vortex mixer.

4. Centrifuge at 10 000 g for 5 min in a Sorvall RC5 centrifuge at 4°C.

5. Separate the aqueous phase (top layer), discard the phenol phase. Care should be
taken not to disturb the interface which contains proteins.

6. Reextract the aqueous phase with 4 ml of phenol:chloroform:isoamyl alcohol
(50:50:1).

7. Centrifuge, recover the aqueous phase and reextract with phenol/ chloroform/isoamyl
alcohol.

8. To the aqueous phase add NaCI to 0.1 M using 5M NaCI, mix thoroughly, and add
2.5 volumes of ice-cold absolute ethanol. Store at -20°C overnight.

9. Collect RNA by centrifugation at 1 2 000 g for 5 min. Wash RNA pellet with ice-cold
70% ethanol and collect pellet by centrifugation at 12 000 g for 5 min.

10. Dry the RNA pellet in a vacuum centrifuge or a dessicator.

11. Dissolve the pellet in 100//I sterile water. Yield should be around 2.0-4.0//g//wl.

RNA extraction from cells grown in tissue culture

1. Disperse cells (5 x 106 cells) in 200//I of the lysis buffer.

Lysis buffer

100 mM Tris-HCI (pH 7.5)
0.1 5M NaCI
1.5mMMgCI2
0.65% NP-40

2. Discard the nuclei pellet by centrifugation at 800 g for 5 min.

3. To the supernatant, add 200//I of extraction buffer, mix well.

4. Add 400//I of phenol:chloroform:isoamyl alcohol (50:50:1). Mix vigorously in a
vortex mixer.

5. Separate aqueous and organic phases by centrifugation at 10 000 g for 5 min.

6. Recover the aqueous phase and repeat the phenol extraction twice or until the
interface is clear of proteinaceous substances.

7. Precipitate the RNA with ethanol according to the protocol described above.

Notes:

i. Wash the RNA pellet by ethanol in the same fashion as described for the whole tissue
protocols.
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ii. If RNA is to be extracted from tissue culture media, use 200//I of media and add
200//I of extraction buffer. You may then proceed to extract RNA using the same
protocols as above.

RNA ISOLATION BY GUANIDINIUM EXTRACTION

Acid guanidiniumthiocyanate-phenol-chloroform extraction is an alternative method
for RNA preparation. This protocol was described by Chomczynski and Sacchi [2] based
on the use of a combination of 4M guanidinium thiocyanate and phenol/chloroform to allow
a single step extraction.

1. Transfer 1 g of tissue to a hand homogenizer and homogenize with 2 ml of
solution D.

Solution D

4M guanidinium thiocyanate
25mM sodium citrate (pH 7.0)
0.5% Lauryl sarcosyl
0.1M 2-mercaptoethanol

2. Transfer the homogenate to a clean test tube. Add 200 fj\ of 2M sodium acetate
(pH 4.0} and 2 ml of phenol/chloroform, vortex vigorously.

3. Separate the aqueous phase by centrifugation at 10 000 g for 20 min at 4°C.

4. Transfer the aqueous phase to a tube, mix with 1 ml of isopropanol and place at
-20°C for 1 hour.

5. Collect the RNA precipitate by centrifugation at 10 000 g for 20 min.

6. Dissolve the precipitate in 0.5 ml of solution D and reprecipitate with equal volume
of isopropanol at -20°C for 1 hour.

7. Collect the RNA precipitate by centrifugation at 10 OOOg for 10 min at 4°C.

8. Wash the pellet once with cold 70% ethanol, centrifuge, dry and dissolve in
50-100yul water.

ANALYSIS OF RNA

The system most frequently used to analyze the RNAs on the basis of their molecular
weights and sizes is electrophoresis in agarose gels. The quality of RNA from each
preparation can also be evaluated by this method. Yields and RNA purity are analyzed by
measuring the UV absorbency.

Determination of RNA concentration

1. Dilute 5 jj\ of RNA sample in 595 fj\ distilled water.

2. Measure the absorbance at 260 and 280 nm in a UV spectrophotometer.

A pure RNA sample should give a OD260/OD280 ratio of about 1.9-2.0. One A260 is
equivalent to 40//g/ml RNA.
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Electrophoresis of RNA through gel containing formaldehyde (denaturing RNA gel)

Procedure

1. Prepare the 10 x running buffer

10 x running buffer

0.2M morpholinopropanesulfonic acid (MOPS) (pH 7.0}
50mM sodium acetate
10mMEDTA(pH 8.0)

2. Prepare the 0.8% gel by melting agarose in water, cool down to 60°C before adding
10 x running buffer and formaldehyde.

0.8% agarose gel, 100 ml

agarose 8 g
water 72 ml
10 x running buffer 10ml
formaldehyde 18ml

3. Prepare the sample as follows:

RNA(5-10//g) 5.5/;l
formamide 12.5 //I
formaldehyde 4.5//I
10 x running buffer 2.5//I

Denature by incubation at 60°C for 15 min and immediately snap cool on ice.

4. Add 2 //I of saturated bromophenol blue in water. Load the RNA samples onto the
gel and electrophorese at constant voltage (5 V/cm) till dye migrate 2/3 of gel length.

5. Stop power. Immerse the gel in running buffer containing 0.5//g/ml ethidium bromide
for 5-10 min.

6. Visualize the electrophoretic pattern under UV-illumination using UV transilluminator.
Photographic record may be made as described earlier.

RNA BASED PCR

AMPLIFICATION OF RNA BY THE POLYMERASE CHAIN REACTION

Amplification of RNA by the polymerase chain reaction involves a 2 step protocol.
First the RNA has to be converted to complementary DNA (cDNA) using the enzyme,
reverse transcriptase. The cDNA can then be placed directly into reaction vessels
containing PCR mix and the reaction carried out as per DNA amplification. While this may
sound like a lot of tedious work, RNA PCR does offer several advantages over DNA PCR.
First and foremost is the fact that one is looking at an active system. Second, RNA
represents a "partially amplified" system in that there are more RNA copies than DNA to
begin with. Another advantage is that one can actually quantitate gene activity by looking
at copies of mRNA produced in response to physiological changes or stimuli.
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It is advantageous to optimize the PCR for a given application (especially for diagnosis
or analysis) in order to get 'clean' results. Basic methodologies and application of PCR are
fully described elsewhere by a number of author [3-5]. A frequently faced problem in PCR
amplification of gene sequences is the non-specific bands in gel pattern due to mispriming.
Don et al. [6] proposed the 'touchdown' PCR to circumvent this problem. Using
'touchdown' PCR, we have successfully amplified 5 distinct rabies genes from complex
genomes in extracts of canine brain tissue which will be used in the RNA based PCR model
described below.

cDNA synthesis from RNA

First-strand cDNA may be acomplished by extension with random hexamer,
downstream primer or ligo(dT). A 100 pmole random hexamer has been successfully used,
as well as 0.1-0.2 /yg oligo(dT). PCR buffer can be efficiently used for reverse
transcription.

1. In 0.5 ml microtube prepare the reaction mixture by adding:

4/vl of 25 mM MgCI2 (5 mM final concentration)*
2 fj\ of 10 x PCR buffer (1 x final concentration)
2 fj\ of 10 mM dGTP (1 mM final concentration)
2 fj\ of 10 mM dATP (1 mM final concentration)
2//I of 10 mM dTTP (1 mM final concentration)
2 j j \ of 10 mM dCTP (1 mM final concentration)
1 jj\ of 20 U///I RNasin {1U/pl final concentration)
1 //I of 50 U///I reverse transcriptase (2.5U//y| final concentration)
1 A/I of 10 pmole upstream primer (see Table I)
1 //I of 10 pmole downstream primer
1 fj\ of 1 /vg template (total RNA)
Water to 20 //I

*10 x PCR buffer contains:

0.1 MTris-HCI (pH 8.3)
0.5 M KCI.

2. Briefly spin in microfuge and overlay with 75//I light white mineral oil.

3. Incubate at 42°C for 30 min. Stop reaction at 95°C in boiling bath for 5 min and then
quick chill on ice.

Note: To reduce cross contamination, master mix may be prepared by assembling the
reagent in step 1 and amount of water to complete total 20//I reaction volume.

PCR amplification

1. To the reverse transcription reaction, add:

4/wl of 25 mM MgCI2 (2 mM final concentration)
8 fj\ of 10 x PCR buffer (1X final concentration)
67.5//I of distilled water
0.5/vl of 5 U///I Taq DNA polymerase (2.5 U/100//I final concentration)

2. Briefly spin in microfuge.
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TABLE I. PRIMERS AND PROBES FOR THE AMPLIFICATION AND DETECTION OF RABIES VIRUS

Rabies
genes

N

M1

M2

G

L

Oligonucleotide
designation
(orientation)

TC-7 ( + )

TC-1 {-)

TC-2(-t-)

TC-13I + )

TC-14M

TC-15(-(

TC-1 9 < + )

TC-20 (-)

TC-21 (-)

TC-9( + )

TC-3 (-)

TC-4( + )

TC-16{+) '

TC-17W

TC-1 8 (-)

Sequence (5'-3')

CAC.CTC.TAC.AAT.GGA.TGC.CG

GCT.CAA.CCT.ATA.CAG.ACT.CA

CTT.GAT.CCT.GAC.GAT.GTA.TG

ATC.CTA.'GCC.TCC.TGT.TCC

CAA.GAT.GTA.TAG.CGA.TTC

CAG.CGA.TCT.CAG.CCT.CCA.CT

ATG.ACG.ATG.ACT.TGT.GGC

TGG.AGT.TGA.GCC.CAT.ATG

CCA.TAG.TTG.ACC.TGC.TCT.CG

GAC.TCA.AGG.AAA.GAT.GGT.TCC

CTT.AAA.TGA.CTG.AGA.CGT.CTG

GCT.CCA.CTA.ACC.ACG.ATT.ACA

GTC.TAT.AGA.CCT.CGG.AGG

TGA.GGT.CTG.ATC.TGT.CTG

TGA.GTC.ATA.GTC.AGC.GCG.TC

Expected
fragment
size (bp)

462

628

598

963

433

Position

61-80

504-523

263-282

1776-1793

2386-2404

2101-2120

2574-2593

3155-3172

3019-3038

3305-3324

4248-4267

3879-3900

6989-7006

7405-7422

7158-7177

3. Perform the following thermocycle profile (use the "step-cycle" program):

a. Denature for 1 min at 95°C
anneal for 30 s at 65°C
extend for 1 min at 72°C
cycle counts = 2.

b. Denature for 1 min at 95°C
anneal for 30 s at 55°C
extend for 1 min at 72°C
cycle counts = 15.

c. Final extension for 7 min at 72°C.

4. Stop the reaction by chilling at 4°C.

Note: 10 pmole of each upstream and downstream primers should be added when
using random hexamer or oligo(dT) for extending in first strand cDNA synthesis.
The volume of water may be adjusted to make a total reaction volume of 80 j j \ .

Analysis of amplification product

1. Remove the mineral oil by extraction with 200-300//I TE-saturated chloroform. Save
the aqueous phase.

2. Load 5-10//I portion of aqueous phase onto 1.0-1.2% agarose or 3% Nusieve-1 %
seakem agarose gel in TBE buffer. Use 1 kb ladder as a size markers.
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STOCK SOLUTION

(From Sambrook, Fritsch and Mania tis: Molecular Cloning, Cold Spring Harbor
Laboratory Press, 1989, 2nd Edition.)

These are commonly used stock solutions which should be prepared for routine
molecular biology use.

1. 1M dithiothreitol

Dissolve 3.09 g of DTT in 20 ml of 0.01M sodium acetate (pH 5.2). Sterilize by
filtration. Dispense into 1-ml aliquots and store at -20°C. Do not autoclave DTT or
solutions containing DTT.

2. 0.5M EDTA (pH 8.0)

Add 186.1 g of disodium ethylene diamine tetraacetate. 2H2O to 800 ml of H2O. Stir
vigorously on a magnetic stirrer. Adjust the pH to 8.0 with NaOH. Dispense into
aliquots and sterilize by autoclaving.

3. Ethidium bromide (10 mg/ml)

Add 1 g of ethidium bromide to 100 ml of H20. Stir on a magnetic stirrer for several
hours to ensure that the dye has dissolved. Wrap the container in aluminum foil or
transfer the solution to a dark bottle and store at room temperature.

4. 1 M MgCI2

Dissolve 203.3 g of MgCI2.6H2O in 800 ml of H2O. Adjust to 1 liter with H2O.
Dispense into aliquots and sterilize by autoclaving.

5. Phenol ichloroform

Mix equal amounts of phenol and chloroform. Equilibrate the mixture by extracting
several times with 0.1M Tris Cl (pH 7.6). Store the equilibrated mixture under an
equal volume of 0.01M Tris Cl (pH 7.6) at 4°C in dark glass bottles.

6. Phosphate-buffered saline (PBS)

Dissolve 8 g of NaCI, 0.2 g of KC1, 1.44 g of Na2HP04, and 0.24 g of KH2PO4 in
800 ml of distilled H2O. Adjust the pH to 7.4 with HCI. Add H2O to 1 liter.
Dispense the solution into aliquots and sterilize by autoclaving. Store at room
temperature.

7. 3M sodium acetate (pH 5.2 and pH 7.0)

Dissolve 408.1 g of sodium acetate 3H2O in 800 ml of H20. Adjust the pH to 5.2
with glacial acetic acid or adjust the pH to 7.0 with dilute acetic acid. Adjust the
volume to 1 liter with H20. Dispense into aliquots and sterilize by autoclaving.

8. 5M NaCI

Dissolve 292.2 g of NaCI in 800 ml of H2O. Adjust the volume to 1 liter with H2O.
Dispense into aliquots and sterilize by autoclaving.
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9. 10% sodium dodecy sulfate (SDS)

Dissolve 100 g of electrophoresis-grade SDS in 900 ml of H2O. Heat to 68°C to
assist dissolution. Adjust the pH to 7.2 by adding a few drops of concentrated HCI.
Adjust the volume to 1 liter with H2O. Dispense into aliquots. There is no need to
sterilize 10% SDS.

10. 20 x SSC

Dissolve 175.3 g of NaCI and 88.2 g of sodium citrate in 800 ml of H2O. Adjust the
pH to 7.0 with a few drops of a 10 N solution of NaOH. Adjust the volume to 1 liter
with H20. Dispense into aliquots. Sterilize by autoclaving.

11. Trichloroacetic acid (TCA)

To a bottle containing 500 g of TCA add 227 ml of H2O. The resulting solution will
contain 100% (w/v) TCA.

12. IMTris

Dissolve 121.1 g of Tris base in 800 ml of H20. Adjust the pH to the desired value
by adding concentrated HCI.

Allow the solution to cool to room temperature before making final adjustment to the
pH. Adjust the volume of the solution to 1 liter with H2O. Dispense into aliquots and
sterilize by autoclaving.

REFERENCES

[1] GOUGH, N.M., Rapid and quantitative preparation of cytoplasmic RNA from small
numbers of cells, Anal. Biochem. 173 (1987) 93.

[2] CHOMCZYNSKI, P., SACCHI, N., Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction, Anal. Biochem. 162 (1987)
156.

[3] ERLICH, H.A. (Ed.), PCR technology: Principle and applications for DNA
amplifications, M. Stockton Press, New York (1989).

[4] ERLICH, H.A., GIBBS, R., KAZAZIAN, H.H., Polymerase chain reaction, Cold Spring
Harbor Laboratory Press, New York (1989).

[5] INNIS, M.A., GELFAND, D.H., SNINSKY, J.J., WHITE, T.J. (Eds), PCR protocols:
A guide to methods and applications, Academic Press, San Diego (1990).

[6] DON, R.H., COX, P.T., WAINWRIGHT, B.J., BAKER, K., MATTICK, J.S., Tochdown
PCR to circumvent spurious priming during gene amplification, Nucleic Acids Res.
19 (1991)4008.



Part II
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IN VITRO APPLICATIONS OF RADIONUCLIDES IN
COMMUNICABLE DISEASES - AN OVERVIEW
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Abstract

The diagnosis and understanding of the host response to infectious agents have relied heavily
on radionuclide based techniques. Both the characterisation and identification of the pathogen as
well as the host-pathogen interaction are required for the better control of communicable diseases.
This paper gives an overview of the recent concepts pertaining to the cellular and molecular aspects
of immune responses and draws attention to newer radiolabelled techniques for evaluating the
viability and metabolic properties of 'difficult to grow' bacteria. The role of gamma/delta T cells, V0
usage, lymphokine network, TH1, TH2 cells and immunity to heatshock proteins are briefly
discussed.

HOST PARASITE INTERACTION

Radiolabelled substrates have been used effectively to investigate the diverse
communicable diseases both at the pathogen and host level. Our understanding of many
of these processes have led to the development of diagnostic aids, some of which are well
established and many others are under investigation. More significantly the study of the
natural course of disease and the immune responses to specific antigens are slowly paving
the way for more rational vaccines. With increasing understanding of immunology and
molecular biology, several useful techniques have emerged which have relevance for
diagnosis as well as for basic research. Both the host and the parasite can now be
investigated using radiolabelled compounds. This area has received further impetus with
the development of safer radioisotopes. The growing list of commercially available
radioimmunoassay kits testify to not only these advances but also to the increasing needs
of researchers and clinicians. This paper gives an overview of in vitro applications of
radionuclides in the investigation of infectious diseases both at the research and diagnostic
level.

In general, when an infective agent enters the host, it is resisted by natural barriers
such as the skin and also by chemical agents such as mucin, proteolytic enzymes and
complement. When the pathogen overcomes these and survives for even a short time then
the host developes specific immune mechanisms which are more powerful and help the
body to kill or contain the invader. During this host parasite interaction a trail of
identifiable events occur which can be measured by specific tests. Some of these are very
specific and act as fingerprints of the invading organism whereas some others provide
circumstantial evidence. By investigating these processes, it is possible to differentiate
phenomena that reflect protection from others that result from the distracting tactics of the
pathogen eager to evade killing. This host parasite interaction is the subject of intense
current research.

The host response is traditionally of two types, one, mediated by antibodies secreted
by B cells which circulate in the various fluids of the body and thereby act over longer
distances from their production site. The second, mediated by T cells require closer
interaction with the target organism or the cells harbouring them. These cells also act
through secreted products such as cytokines or by transferring killer enzymes in performs
across cell membranes of the target cell. Both these processes require intimate cell contact
as their range of action is over extremely short distances. Because of this, the circulating
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lymphocytes are predominantly of T cell type and this form of immunity is designated as
cellular immunity. There is however commonality in both these mechanisms in that, both
are mediated by lymphocytes which have antigen specific receptors, similar signalling
mechanisms and function through proteins. The differences lie in their mode of cellular
differentiation, type of processing required for antigen recognition, regulatory influences
that determine whether T or B cells are expanded, and the differing chemical nature of the
final effector molecules that are produced to eliminate the pathogen. Many of the intriguing
questions pertaining to the factors influencing the preferential differentiation of one mode
of immune response over the other have not as yet been conclusively answered.

T CELL RECEPTOR (TCR)

In recent years, DNA technology based tools have helped in the identification and
sequencing of the T cell receptor (1), immunoglobulin genes and genes coding for Major
Histocompatibility Complex. The techniques used for these have relied heavily on
radiolabels using 32P, 35S and 125I, in 2D gels, diagonal gels and other electrophoretic
procedures. The genes coding for the receptors have been sequenced (1). DNA sequencing
commonly by dideoxy method uses 35S or 32P end-labelled oligonucleotides as primers. By
performing 4 reactions containing single dideoxynucleotide, 4 sets of DNA fragments are
obtained where a given set will terminate with the specific nucleotide. These fragments can
be separated on polyacrylamide gels and autoradiographs generated. The sequence is then
read from the shortest fragment at the bottom of the gel to the longest one at the top by
knowing the last labelled nucleotide. The aminoacid sequence can then be predicted from
the nucleotide sequence. Initially 32P was used for labelling but it began to be replaced by
35S which had higher emissions, longer half life, gave sharper bands and was faster for
autoradiographs. Recently 33P has been discovered which has intermediate properties. It
is 5 fold weaker than 32P and can be handled routinely without elaborate shielding
precautions, has higher emissions than 35S, a longer shelf life than 32P and needs shorter
exposure times for autoradiographs and yet maintains sharp bands.

With radiolabelled molecular probes as well as monoclonal antibodies it has been
possible to characterise the TCR [1], T cells which predominantly bear alpha/beta
heterodimer receptors are the major cells involved in MHC restricted T cell responses.
There is a large variable gene segment diversity in these cells which would explain the
recognition of diverse antigens. The selective usage of V/? genes by "super" antigens is of
current interest [2]. These antigens consist of enterotoxins from streptococci, gram
negative bacteria and mycoplasma as well as retroviral coded antigens which are produced
as a result of integrating into the host genome. Many of the enterotoxins produce fever
and shock. These antigens are potent T cell stimulators and trigger T cells by linking MHC
with particular V regions of the TCR. V/? usage differs in patients having endotoxin shock
due to gram negative bacteria. Autoimmune disorders have also been implicated to have
selective V/? usage [3]. Thus polymorphism of TCR genes may be exploitable for disease
investigation.

Another set of T cells which emerge earlier in the individual bear gamma/delta
receptors [4] with a limited TCR diversity and presumably recognise a smaller repertoire of
antigens. The latter are seen in mucosal epithelia and may act as the first line of defence
against pathogens. Interestingly, they have been seen also in delayed hypersensitivity sites
of patients with mycobacterial diseases. Gamma/delta cells were found to predominate
in Mantoux positive sites and lesions of reactional leprosy [5]. It is thought that they
probably recognise heatshock proteins. They may also have natural killer activity. VY9Vy2
TCR bearing cells are predominant amongst peripheral blood Y^T cells. They respond with
high frequency to /W. tuberculosis, low molecular weight ligands of opportunistic
mycobacteria, P. falciparum and staphylococcal endotoxin [6]. Thus the study of TCR is
likely to lead to more information on the gene segments used for recognition of pathogens.
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By means of hybridisation with radiolabelled nucleotide sequences determining these genes
as well as with antibodies it is possible to study suspensions of cells as well as the in situ
distribution of these T cells in tissues and lesions.

LYMPHOKINE NETWORK

A major breakthrough in T cell studies has been the identification and molecular
characterisation of biologically active cytokines with diverse functions [7]. Some of the
cytokines are growth factors which act on T cells, e.g. Interleukin 2(IL2) and B cells, e.g.,
IL4,IL5,IL6; some act on macrophages e.g. interferon gamma (IFNg) and neutrophils e.g.,
IL8 yet others eg IL10 inhibit the release of many lymphokines. Radioimmunoassays using
1251 and 3H are now available to assay these lymphokines in body fluids or after stimulation
of the patients lymphocytes by specific antigens. Even single release of cytokines can be
measured by reverse plaque assays and ELISASPOTS. Thus it has been shown that
lepromatous patients who have unresponsiveness to leprosy bacillus have defective
production of IL2 and IFNg [8]. This has led to therapeutic trials whereby injection of
genetically engineered IL2 and IFNg has shown early clearance of bacilli from the injected
sites, as well as development of cellular reactions reminiscent of delayed type reactions
[9]. Identification of cytokine producing cells in the sites of immune inflammation, by
means of in situ hybridisation with specific radiolabelled primers and subsequent
autoradiography is helpful in understanding local immunity. This procedure was earlier
cumbersome due to the low copy number of the relevant sequence. In recent times
polymerase chain reaction to amplify the copy number is making such analysis possible.
In situ localisation has an advantage since the histology of the lesion can be studied.

CD4 SUBSETS

Interestingly, recent data suggests that CD4 cells can be categorised into TH1 and
TH2 cells based on the pattern of cytokine secretion [10]. The former produce IL2 and
IFNg which typically help-in cell mediated reactions but not IL4 and IL5 which are needed
for B cells and selective production of IgG and IgE. TH2 cells have a reverse pattern. IFNg
has an inhibitory effect on IL4 secretion. Since many of the chronic infections such as
leprosy and leishmaniasis show inverse relationship between cellular and humoral
immunity, a rational explanation for this may lie in the differential stimulation of TH1 and
TH2 type cells. With increasing studies with polymerbase chain reaction based
identification of mRNA for many of these lymphokines, data is accumulating to indicate
that differential cytokine patterns exist in many communicable diseases in man as well as
in animals. Protection to Listeria, M. tuberculosis, M.leprae appear to be linked to TH1 cells.
Susceptibility, in contrast seems to be linked to TH2 cells in leprosy. Similarly in protozoa!
diseases caused by Leishmania, Plasmodia and Toxoplasma, TH1 cells are protective.
However, pathology associated with cerebral malaria is also due to TH1. Helminthic
infections in man have shown a selective TH2 type of differentiation in the patients who
have raised levels of IgE. The factors leading to selection of TH1 or TH2 repertoire in a
given disease are not as yet clear. The type of antigen, antigen processing cells, cytokine
regulation may be some of the factors influencing the preferential selection of these cells.

The functional ability of T cells to not only recognise but to also proliferate in order
to reach critical levels is central to the development of effective immunity or delayed
hypersensitivity to many of the pathogens. Such functions can be tested in vitro using
radiolabelled markers. Of common usage is the lymphoproliferative assay which quantifies
the DNA synthesis occurring in lymphocytes exposed to antigens. Cultures are pulsed at
the appropriate times with thymidine, a precursor of DNA labelled with 3H DNA synthesis
is expressed as cpms after liquid scintillation counting. This logic can be applied with
innumerable variations to address many questions where the end point is proliferation.
Other metabolic events preceding DNA synthesis viz. protein synthesis, RNA increase etc
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have also been monitored using 35S methionine, 14C leucine and 3H uracil respectively. In
addition, signal transduction events and cell receptor turnover in the ligand stimulated cells
have been investigated with 14C or 3H labelled markers.

Cytotoxic T cells emerge during the immune response to some infectious agents. In
mycobacterial infections such cells have been shown to kill macrophages harbouring the
pathogens [11]. Once released these pathogens may be ingested by other more
metabolically active young macrophages and monocytes. This becomes important when
it is realised that pathogen harbouring aged macrophages in the granulomas are less
susceptible to activating lymphokines such as IFNg. In addition,the released pathogens
now become susceptible to the action of antibodies and complement which they are able
to evade while residing inside cells. Cytotoxic activity by cells is quantifiable with 51Cr.
Target cells can be labelled with 51Cr and mixed with the relevant effectors, such as T
cells, at an appropriate ratio. Since dead and dying cells release 51Cr over a 4 hour period,
the supernant fluid would have radioactivity. The degree of lysis can then be evaluated.
By varying pathogens, cell types and time of infection, valuable information can be
obtained regarding the main immunological process involved in protection against
pathogens. Thus both CD4 + and CDS + cells have been shown to mediate cytoxicity, the
difference lying in the co-recognition of the antigen with MHC class 2 and MHC class 1
present on the target cell respectively.

ANTIBODY RESPONSES

Humoral immune response also developes in infections. Most of the time it may
precede the development of T cell immunity. IgM is the first antibody to appear and
therefore is a marker of active infection. IgG occurs later and lasts longer and indicates
exposure but may not always reflect active disease. IgE is seen in allergies and helminthic
infections. IgA is a predominant mucosal defender and is important for gastrointestinal
infections. All these can be measured using simple immunodiffusion techniques.However
when specific antibodies are to be measured then radioimmunoassays using 125I and 3H are
needed. Such assays are even more necessary when small amounts of circulating
antigens, harbingers of early infection, are to be identified. Sometimes when antibody
levels have been high, the antigen may become complexed and would not be detectable
in circulation. Such complexes need to be precipitated and redissolved to estimate the
antigen. Detection of immunecomplexes is also necessary in diseases caused by their
deposition in vessels of skin, glomeruli and choroid plexuses. Distinguishing
glomerulonephritis caused by streptococcal infection as opposed to others requires such
identification. Though many of the radioimmunoassays are being replaced by enzyme
based ELISA, the variables that exist due to the added extra step needed to produce a
colour product and cost of the conjugate makes radioimmunoassay relatively simpler.

INFECTION AND AUTOIMMUNITY

Recognition of self antigens by the immune system is thought to lead to a group of
organ and nonorgan associated disorders. In recent times, attention has been drawn to the
presence in such disorders of antibodies and T cells which recognise heat shock proteins
(Hsps) of bacteria and protozoa [12]. Hsps are produced by many living species on
encounter with stress. They are coded by genes which show high conservation. There
is more than 50% sequence identity between mammalian and bacterial hsps. Immunity
to mycobacterial Hsp65 is associated with arthritis, hsp70 and hsp90 with systemic lupus
erythematosis. It is possible that immune cells recognising the hsps of infective agents
attack host cells through self hsps or some other self antigens in an hitherto unknown
manner. At the time autoimmunity developes the pathogens may not be identifiable in
large numbers.
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PATHOGEN CHARACTERISATION

The recognition of multiple epitopes of the pathogen and the identification of the ones
responsible for protection or immunopathology are central to the need for appropriate
methods. In addition some pathogens such as M.leprae are difficult to grow in vitro and
pose a problem for evaluating drug efficacy and drug resistance. Others such as
M. tuberculosis take 9-12 weeks to grow by conventional means. Even where bacteria
grow the quantification of living units by the colony forming units is fraught with variables.
To address these problems in vitro methodologies have been developed using 3H and 14C
labelled precursors of DMA synthesis or metabolites. Our laboratory developed a
macrophage based radiometric assay for evaluating M. leprae viability using 3H thymidine,
3H adenosine and 3H hypoxanthine [13]. These assays compare well with the traditional
mouse foot pad assay as evaluated in 2 blind trials conducted between us and 3 other
laboratories. They have been able to detect drug resistance, check newer antileprosy
drugs and monitor the effectivity of multidrug therapy used in Indian districts. Similar
radiolabels have been used by other investigators on bacilli in suspension [14]. 3H uracil
is very effective in rapid monitoring of the viability of M. tuberculosis and B.abortus.

DNA technology has made possible the identification of proteins of various
pathogens. It has proved particularly valuable for M. leprae which cannot be grown in the
laboratory. The techniques for this rely heavily on radionuclides. We established the
uniqueness of a recombinant clone of M.leprae identified by us, by showing that the 32P
labelled DNA from this clone did not hybridise with other reported clones using Southern
blot techniques. The DNA sequence of this clone was also established using 35S labelled
universal and custom made primers. The 10 kd protein expressed by this clone has been
shown to be a strong T cell antigen [15]. Preliminary data also indicates that it may prove
to be a good marker of Type 2 reactions in leprosy.

It is also possible to study the metabolic events in pathogens by following
radiolabelled precursor incorporation into metabolites as well as by pulse chase
experiments. 14C palmitate has been shown to be incorporated in the phenolic glycolipid
of M.leprae. Such studies are providing valuable information which is being used to
synthesise drugs that would target to the essential metabolic pathways of the organisms.

Finally, the multiple epitopes of pathogens are being slowly unravelled for many
pathogens using gel electrophoresis followed by autoradiographs. The approaches for
many of these are similar, the information that is obtained is dependant on the clever use
of specific protocols and reagents to address a given question for a given pathogen. Such
approaches at molecular and genetic level are required for understanding the nature of the
pathogen and thereby designing better strategies for its control. Communicable diseases
provide a challenge which can be conquered by using a holistic approach based on host
parasite interaction.
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Abstract

Development in molecular biology and biotechnology has provided clinical laboratories with
new tools for the study and diagnosis of human diseases including genetic diseases, chronic
disorders, malignant diseases and infectious diseases. The basis of molecular diagnosis is the
identification of nucleic sequences that are informative in a disease and the detection of these
sequences by specific nucleic acid probes. The most widely applied molecular technique for the
detection of pathogenic organisms in clinical specimens is hybridization analysis. In this assay
system, nucleic acid of defined specificity is used to "probe " for the presence ofgenomic sequences
of target organisms. This technology has been used for the detection of a variety of pathogens
including viruses, bacteria and parasites in tissues, blood, stools, urine and a variety of body
secretions. The applications of hybridization analysis in the diagnostic laboratory include (I) the
rapid detection of pathogens directly in clinical specimens and (ii) the identification of pathogens
isolated in culture. The practical use of molecular probes to detect pathogens directly in clinical
specimens requires that target sequences be amplified, either by culture or by in vitro amplification,
prior to hybridization analysis. The coupling of in vitro amplification and nucleic acid hybridization
renders the technique highly sensitive and specific. In the case of organisms that are slow to grow
in culture, this strategy provides the added advantage of speed. Therefore, molecular based
diagnosis would be particularly useful in instances where the pathogenic organism is difficult to
culture or grows slowly in culture and where rapid diagnosis is life-saving, as in the case of
infections by opportunistic organisms in immunosuppressed patients.

INTRODUCTION

Traditional approaches for the detection of infectious organisms in clinical specimens
such as direct microscopy, in vitro culture and serological studies possess inherent
limitations. Direct microscopy is often insensitive while culture of organisms sometimes
takes too long to yield a clinically useful answer. Some organisms of clinical importance
such as the rotavirus, hepatitis A and B viruses, Epstein-Barr virus, Mycobacterium leprae
and Treponema pallidum cannot be cultured in artificial medium. In addition, in vitro
culture techniques do not always distinguish virulent from non-virulent strains, for example,
the enterotoxin producing, from the non-enterotoxin producing Escherichia coli.
Immunoassays have been widely used over the past 2 decades for the diagnosis of a broad
range of infectious diseases. While undoubtedly an invaluable adjunct to diagnosis, they
too have a limitation of sensitivity. The use of molecular probes and nucleic acid (NA)
hybridization analysis may serve to overcome at least some of these diagnostic limitations.

NUCLEIC ACID HYBRIDIZATION

Under appropriate conditions of pH, temperature and ionic strength, single-stranded
(ss) NA molecules will hydrogen bond (hybridize) with ss NA fragments that carry
complementary sequences. This ability of ss NAs to detect and to bind complementary
sequences of nucleotides forms the basis of the inherent specificity of hybridization
reactions. Furthermore, hybridization is a kinetically efficient reaction allowing the
detection of minute quantities of NAs in a short time. These features have been gainfully
employed to design hybridization-based assays that are rapid, sensitive and specific.
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In hybridization assay systems, a NA molecule of defined specificity (probe) is used
to detect the presence/absence of NAs with complementary sequences (target). Molecular
probes may be hybridized with the sample NA in solution, on a solid support or in
cells/tissues. The most commonly employed format is filter hybridization although more
recently, solution hybridization systems have become increasingly popular. Advances in
molecular technology have also led to the appearance of various novel assay formats such
as sandwich assays and capture "polymerase chain reaction" (PCR) hybridization assays.
In the latter case, target molecules are amplified in vitro prior to hybridization analysis.
This combination of in vitro NA amplification with hybridization analysis constitute perhaps
the most significant of advances in the use of molecular techniques for diagnostic
purposes.

MOLECULAR PROBES

Probes can be derived from genomic material by cloning or can be synthesized de
novo. Over the past several years, use of synthetic oligonucleotide probes has increased.
The reasons for this trend include (i) simplicity of production, (ii) stability of the probes and
(iii) potential use as allele specific probes. Many currently available commercial kits utilize
oligonucleotide probes. Another advance in probe technology is the emergence of ss
RNA probes (riboprobes) which are synthesized by in vitro transcription of double-stranded
(ds) DNA templates (cloned into a transcription vector) by bacteriophage DNA-dependent
RNA polymerases. The advantages of riboprobes are: (i) both sense and anti-sense probes
can be prepared, (ii) the ability to hybridize with both RNA and DNA targets, (iii) stability
of the hybrid duplexes, (iv) unhybridized probes can be eliminated by treatment with
RNA-ase and (v) high specific activity probes can be synthesized relatively inexpensively.

Binding of a probe to its target is detectable by several means. The detector
molecule can be attached or incorporated into the NA structure of the probe. For instance,
digoxigenin-labelled d-UTP or radiolabelled nucleotides such as 32P-dATP or 32d-CTP can
be inserted. Alternatively, enzymes such as horseradish peroxidase (HRP) or alkaline
phosphatase (ALP) can be linked to the probe via a linker. Another approach is the use of
the biotin-avidin system in which biotin is incorporated into the probe and reacted,
post-hybridization, with labelled avidin. With the use of radiolabeled probes, the reaction
is detected by autoradiography or liquid scintillation counting. With non-isotopic probes,
detection may be by colorimetry, luminimetry or fluorometry.

USE OF NUCLEIC ACID HYBRIDIZATION IN CLINICAL DIAGNOSIS

In recent years, there has been a gradual shift of NA probe technology from the
research laboratory to the clinical laboratory. Implementation of this technology offers the
diagnostic laboratory with the means to extend its repertoire of tests and provide a rapid
service. The usefulness of probe diagnostics in the investigation of infectious diseases lie
in its potential for (i) detection of pathogens directly in clinical specimens, (ii) detection
of difficult to culture or non-culturable microorganisms and (iii) rapid confirmation of
identity of pathogens grown in vitro. The use of probes for the direct detection of
microorganisms in clinical specimens has been reported for hepatitis B virus (HBV), human
papilloma virus (HPV), Chlamydia trachomatis, Neisseria gonorrhoeas, Mycoplasma
pneumonia, Haemophilus influenzae and Legionella spp. However, information on its
clinical utility awaits further studies. Nevertheless, the potential for extending the
repertoire of organisms that laboratories can identify, in particular those that do not grow
well in culture, remains. Use of probes for confirming the identity of organisms grown in
vitro such as Mycobacterium tuberculosis, Campylobacter jejuni and Legionella species
provides a much quicker means than conventional biochemical methods of identification.
The usefulness of this strategy depends on the clinical situation to which it is applied; for
instance, rapid identification of an isolate in an immunocompromised individual is of
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unquestionable value for the timely institution of appropriate therapy. Finally, molecular
probes have been successfully applied to histologic sections for the detection of infectious
agents. This approach offers the advantage of allowing correlation between the pathology
of a disease and its associated aetiologic agent. This approach has been reported for the
rapid diagnosis of infection by opportunistic organisms in immunosuppressed patients.

Molecular probes may be applied in "single probe tests" or in "a battery of probes
test". Specimens that can best be examined using a battery of probes include stools and
respiratory secretions. The rationale of this approach is that certain specimens tend to
harbour a few distinct pathogens, each of which can in fact be detected by one of the
probes included in a cocktail of probes. However, data on the use of this strategy is still
forthcoming. Single probe tests are currently available for a wide range of bacterial and
viral agents. Probes have been used for the detection of £. co//harbouring the enterotoxin
gene, thus providing the laboratory with a means of determining virulence in isolates.
Though promising, this application in the diagnostic laboratory awaits clinical evaluation.
Other enteric pathogens to which NA probes have been applied include Salmonella, Shigella
and Campylobacter spp, enteroinvasive and enterohaemorrhagic E. co//, rotavirus and
enteric adenoviruses. Similarly, probes are available for several respiratory pathogens
including the cytomegalovirus (CMV), Epstein-Barr virus (EBV), Mycoplasma, Legionella and
Mycobacteria. Agents of sexually-transmitted diseases (STD) for which probes are
available are N. gonorrhoeae, C. trachomatis, herpes simplex virus (HSV), human
immunodeficiency virus (HIV) and HBV. Reports of the use of these probes for the
detection and identification of the various pathogens listed above appear promising.
However, it is prudent to note that in many instances, further refinement and optimization
is necessary to render this diagnostic tool feasible in the routine laboratory.

One of the concerns faced by the laboratory regarding the introduction of molecular
probes as an alternative to traditional diagnostic methods is the need for anti-microbial
sensitivity testing. The time required for the sensitivity testing offsets the advantage of
rapid diagnosis offered by probe diagnosis. An alternative to overcome this limitation is
the use of a second probe to identify the anti-microbial resistance gene most likely to be
present in a particular organism. This was tested on N. gonorrhoeae using a probe directed
against the TEM-type beta-lactamase gene present in most penicillin resistant strains.
Other organism/resistance gene combinations that have been tested are Staphylococcus
aureus/mec gene, H influenzaelb\a^M gene and Enterococcus fecafis/van A gene. While
theoretically sound, this strategy is not devoid of problems. Most significant is the fact that
the presence of a gene is not necessarily equivalent to expression of the gene. Secondly,
many commensal organisms do carry resistance genes similar to that carried by pathogens,
thereby limiting its use to samples that are free of normal flora.

INVESTIGATION OF MICROBIAL EPIDEMIOLOGY

Application of molecular techniques has not only provided a means for rapid diagnosis
of infectious diseases but has also improved the accuracy in epidemiologic studies of
microorganisms. The key requirement in both instances is the ability to identify the
responsible agent and, where necessary, to distinguish it from a background of
non-pathogenic/non-epidemic strains. Identification and typing of microbial isolates to
determine their epidemiologic relationship can be carried out by a number of different
methods including phenotypic and genotypic studies.

Conventional methods of typing have included serotyping, bacteriophage
susceptibility typing, antimicrobial agent susceptibility typing and bacteriocin typing. All
these methods suffer from limitations of poor sensitivity and reproducibility, lack of
standardization and instability of patterns. Over the past decade, bacterial fingerprinting,
a method based on the banding patterns produced by electrophoretic separation of
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bacterial proteins or DNA, has become standard. Phenotypic analysis are subject to the
problem of variation in gene expression due for instance to repression. Genotypic studies
are less subject to this variation. In this latter approach, the DNA of the organism is
subjected to restriction endonuclease digestion followed by Southern blot hybridization
analysis using specific gene probes. Both plasmid and chromosomal DNA profiling are
used, the latter being preferred. The problems related to plasmid fingerprinting are: (i)
plasmids can be gained or lost and (ii) some strains do not carry plasmids. However, it is
also noted that DNA recombination systems or transposable elements can cause
chromosomal mixing and rearrangements resulting in unstable DNA sequences. Therefore,
successful clone identification for epidemiological studies requires knowledge of the genetic
stability as well as the selective pressure of the environment.

SUMMARY

Probe technology and nucleic acid hybridization analysis provide the clinical laboratory
with an additional and powerful tool for the diagnosis and study of infectious diseases.
With the continuing effort expended in the improvement of existing hybridization
methodologies, probe preparation and labelling techniques and detection systems, a wider
application of molecular hybridization in diagnostic microbiology can become a reality.
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Abstract

Conventional methods for the diagnosis of tuberculosis based on microscopic examination
and in vitro culture is both time consuming and tedious. Molecular methods of diagnosis have been
suggested as an alternative which may provide the clinical laboratory with a means for rapid
diagnosis. The present study was carried out to determine the feasibility of this approach for the
detection of mycobacteria. Clinical specimens received from patients with suspected diagnosis of
tuberculous infection were used. All specimens were examined microscopically and those that were
smear positive were cultured. An aliquot of each specimen were kept for analysis by in vitro
amplification using the polymerase chain reaction (PCR). The primers used for PCR were 20-mers
specific for the insertion element IS986, which is restricted to the M. tuberculosis complex group.
All specimens were analysed in quintriplicate, with 2 samples unspiked and 3 samples spiked with
M. tuberculosis. Appropriate positive and negative controls were included in all assays. Following
amplification, the specimens were analysed by agarose gel efectrophoresis (AGE). All specimens
were further subject to hybridization studies using a specific radiolabelledprobe. The sensitivity of
the amplification assay coupled with visualisation of the amplified targets using ethidium bromide
staining was found to be about 1 fg ofDNA. A total of 40 smear positive specimens were analysed,
29 of which were culture positive. Twenty-eight of the 29 culture positive specimens tested positive
by PCR/hybridization analysis. Of the 11 culture negative specimens, 9 were positive by PCR.
Overall 37/40 (92.5%) specimens were positive by PCR/hybridization analysis.

INTRODUCTION

Laboratory diagnosis of mycobacterial infections is traditionally dependent on the
isolation of the pathogen in culture. Culture on solid medium generally takes up to 4
weeks or more. With the introduction of the "Bactec system" which is based on the
measurement of radiolabelled C02 released by the bacteria during growth, this period has
been reduced to about 2 weeks. More recently, there have been several reports on the use
of in vitro amplification of mycobacterial DNA by the PCR [1] for an even more rapid
detection of the pathogen [2-8]. The PCR has been used to amplify mycobacterial
sequences coding for various antigens such as the 65 kDa heat shock antigen [2, 3, 5, 7]
the MPB64 antigen [9] and the 38 kDa protein antigen b (Pab) [6]. This technique has also
been applied for the amplification of repetitive sequences including IS 6110 [10] and IS
986 [11 ], and of ribosomal RNA [12]. In this paper, we report the use of primers specific
for the insertion element IS 986 to amplify mycobacterial DNA extracted directly from
clinical specimens and its subsequent detection by hybridization studies.

MATERIALS AND METHODS

REAGENTS

All reagents used were molecular grade. Taq polymerase was purchased from
Stratagene. The primers were custom made by Clontech Laboratories. Primers were
20mers and specific for the insertion sequence IS 986. They span nucleotides 105 to 645
of this sequence.
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CLINICAL SPECIMENS

Clinical specimens sent to the laboratory for investigation of suspected tuberculous
infection were studied. All specimens were screened by microscopy and classified as
smear positive or negative. The smear positive specimens were then decontaminated [13]
and used for culture as well as for in vitro amplification. Briefly, the decontamination
process involves treating the samples with 0.25M NaOH, 25mM Na-citrate, 15mM
N-acetyl-cysteine for 20-25 minutes at room temperature. The samples were then
centrifuged and the pellet resuspended in 20mM Tris/HCI, pH 8.3.

SAMPLE PREPARATION

The decontaminated samples were treated with tween 20 and proteinase K (final
concentration of 0.5% and 1mg/ml respectively) at 60°C for 1 hour. Proteinase K was
then inactivated by heating at 100°C for 1 5 minutes. The samples were then stored at 4°C
or analysed immediately. Each specimen was divided into 5 aliquot, 3 of which were
spiked with M. tuberculosis at end concentrations of 103, 104 and 105 per ml. Another 2
aliquot were unspiked. Positive controls consisted of buffer spiked with M. tuberculosis
at the same end concentrations.

AMPLIFICATION

The reaction mixture contained 2.0mM MgCI2, 0.2mM of each dNTP, 0.4//M of each
primer, 1.0 unit of Taq polymerase and 10 u\ of the sample. The end volume of the
mixture was 50/j\. Amplification was performed in a thermal cycler (Hybaid) for 40 cycles.
The cycling parameters were: denaturation at 94°C for 1.5 minutes, annealing at 65°C for
2 minutes and extension at 72°C for 3 minutes.

DETECTION OF AMPLIFIED TARGET SEQUENCES

A 10 u\ aliquot of each of the amplified samples were loaded onto 2% agarose gel
and electrophoresed. The fractionated DNA were then stained with ethidium bromide and
visualised by using a UV transilluminator. The amplified samples were also analysed by
standard filter hybridization using a 32P-labelled/digoxigenin-labelled probe specific for the
target sequence. The probe was prepared in a PCR reaction.

RESULTS

Forty microscopy-positive (Ziehl-Neelsen stain) specimens which included 33
sputum, 3 broncho-alveolar lavages (BAL), 1 tracheal secretion, 1 gastric lavage and 2 pus
specimens were analysed. Positive controls and samples produced a single band of ~541bp.
The negative control produced no visible band on the gel. The sensitivity using ethidium
bromide to visualise the amplified samples was about 1fg DNA.

Twenty-nine of specimens were culture positive; 24/29 (82.8%) produced a ~ 541bp
band on AGE and 28/29 (96.6%) gave positive signals on filter hybridization. The
PCR/hybridization result was positive for 9/11 (81.8%) of the culture negative samples.
These results are summarised in Table I.
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TABLE I. RESULTS OF ANALYSIS OF SPECIMENS POSITIVE FOR
MYCOBACTERIA BY MICROSCOPY

Specimen

Sputum

BAL

Pus

Gastric
Lavage

Trachea!

Culture result

+ 27
6

+ 1
2

+ 0
2

+ 0
1

+ 1
0

AGE/EtBr +

22
4

1
2
.
2
.
0

1
-

PCR/HYB +

26
5

1
2

.
2
_
1

1
-

Total 40 32 37

DISCUSSION

Conventional methods for diagnosis of mycobacteriai infection will remain the
mainstay of the clinical laboratory. However, rapid diagnostic tests that are sensitive and
specific will greatly enhance the routine service. Rapid diagnosis is of particular value in
extrapulmonary tuberculosis where in vitro culture often produce negative results or cause
an unacceptable delay in diagnosis. In immunocompromised patients, a rapid diagnosis and
differentiation between M. tuberculosis and other mycobacteriai infections are important
for early and appropriate treatment of patients.

The results of this study have shown that it is possible for a laboratory with standard
facilities and a thermal cycler to provide a service for rapid detection of mycobacteria.
Amplification of the gene sequences within the repetitive element IS 986 has been shown
to be specific for the M. tuberculosis complex. The primers selected for this study (Pt8 &
Pt9) allowed specific amplification of mycobacteriai sequences. The sensitivity is good at
~1pg. Although all specimens studied were positive on microscopy, only 72.5% were
confirmed by culture. Using PCR coupled with hybridization analysis, the positivity rate
increased to 92.5%. Out of the 3 specimens that were negative by PCR/hybridization
analysis, 2 were also culture negative. The third specimen was in fact culture positive; it
is postulated that the organisms grown may be an atypical mycobacteria. However,
serological results were not available for this specimen.

Contamination problems will remain a major obstacle to the implementation of in vitro
amplification for routine diagnostic service. Our experience with this procedure is that
meticulous laboratory technique plays a major role in minimising contamination. Other
useful aids include the use of plugged pipette tips, proper decontamination and disposal
procedures and the employment of post-PCR sterilization.
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Abstract

A test based on the polymerase chain reaction (PCR) was developed for the detection of the
Mycobacterium tuberculosis-complex in clinical samples. In this test a 541-bp sequence of the
insertion element IS986 was amplified and detected by agarose gel electrophoresis in the presence
of ethidium bromide and by Southern blot and dot blot hybridisation using a radioactive or a biotin
labelled oligonucleotide probe.

Contamination caused by DNA fragments from previous PCR experiments was prevented by
the use of dUTP instead of dTTP and uracil-DNA-glycosylase. Part of each sample was spiked with
M. tuberculosis DNA to control for loss of mycobacteria or interference with the PCR, causing false
negative results and to provide a semiquantitative assay. If significant interference was found, the
DNA was purified by combinations of different treatments, such as proteinase K, the "Mini Bead
Beater" disruptor, and the guanidinium thiocyanate diatom purification method.

We have tested clinical specimens from 123 patients suspected of having tuberculosis. The
sources of the samples included sputum (92), cerebro-spinal fluid (7), pleural fluid (2), broncho-
alveolar lavage (5), blood (4), one pus, one fluid from chest wall fistula and tissue biopsies (11). The
92 sputum samples were first decontaminated and in 72 cases DNA was purified by treatment with
guanidinium thiocyanate and diatoms. The remaining 20 samples were treated by freezing and
thawing. In both groups 3 samples gave interference in PCR. PCR was positive in: 35 of 37 culture
and Ziehl-Neelsen (ZN) positive samples; in 12 of 15 culture positive and ZN negative samples; in
2 culture negative and ZN positive samples and in 12 culture negative and ZN negative samples.
The use of the Mini Bead beater for disruption of clinical samples was restricted to biopsies. When
the Mini Bead Beater was used a DNA purification step was needed.

INTRODUCTION

Tuberculosis (TB) is still a major health problem in many parts of the world. The human
immunodeficiency virus (HIV) epidemic is having a profound impact on the tuberculosis
problem in both industrialized and developing countries, and improved dase detection
would be a key factor for better control of mycobacterial diseases.
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The diagnosis of extra pulmonary TB and tuberculoid meningitis is difficult and
definitive diagnosis depends on culture of the mycobacteria, which is time consuming and
not always successful. The diagnosis of both pulmonary and non-pulmonary tuberculosis
and the outcome for the patient could be improved if simple and reliable tests would be
developed.

We and others have recently reported the use of the polymerase chain reaction (PCR)
for the detection and identification of Mycobacterium tuberculosis complex [1 -9]. In this
study, we report methods for the treatment of clinical samples to liberate DNA effectively
prior to PCR. We also describe means to prevent contamination caused by amplified DNA
from previous PCR tests by the use of dUTP and uracil DNA glycosylase (or uracil-N-
glycosylase, UNG) [10].

MATERIALS AND METHODS

CLINICAL SAMPLES

Ninety-two sputum samples from patients suspected of TB were obtained from the
Tuberculosis Division, Bangkok, Thailand. Samples were transported at -20°C by air. Other
clinical samples included cerebro-spinal fluid (CSF), broncho-alveolar lavage fluid (BAD,
blood, pus from abscesses and from a wound, fluid from a fistula and tissue biopsies.
These were obtained from patients suspected of having tuberculosis with a variety of
underlying conditions such as lung diseases, AIDS or cancer. The samples were sent from
various hospitals in the Netherlands.

DNA PURIFICATION FROM CLINICAL SAMPLES

Guanidinium thiocyanate and diatoms were used for the small scale purification of
DNA from clinical samples [11, 12], with minor modification that we used 20//I diatom
suspension instead of 40//I.

TREATMENT OF CLINICAL SAMPLES FOR PCR

Clinical samples which contained visible traces of blood, for instance pleural fluid and
lymphocyte fraction from blood, were treated with lysis buffer consisting of 1 % triton
X-100 in 20 mM Tris-HCI pH 8.3. Lysis buffer was added to the sample until a total
volume of 1.5 ml was reached. The samples were centrifuged for 5 min at 1 2000 x g and
the procedure was repeated once. (This treatment is named TT.) The samples were further
treated with proteinase K solution as previously described [4]. (This treatment is named
prot K.)

PREPARATION OF SPUTUM SPECIMENS FOR PCR

The sputum was decontaminated by incubation with NaOH-sodium citrate - N-acetyl-
cysteine for 20 min [4].

TREATMENT OF BIOPSIES

Biopsy samples (100^/1) were treated by proteinase K treatment as described above
and incubated for 1 h at 60°C, followed by treatment with lysis buffer if the sample con-
tained traces of blood. The biopsy material was further disrupted by adding 900 //I L6
buffer [11] and 400//I zirconium beads (0.1 mm). The mixture was shaken in the Mini Bead
Beater for 6 min and centrifuged for 5 min at 1 2 000 g (this method is named MBB). 20 u\
of diatom suspension was added to the supernatant and the DNA was further purified [11].
(This method is named Boom.)
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In case of soft biopsy tissue, proteinase K treatment alone or in combination with
Boom was adequate.

M. tuberculosis SUSPENSIONS FOR THE SPIKING OF CLINICAL SAMPLES

We used an M. tuberculosis strain for spiking and sensitivity determination that has
eight copies of the insertion element IS986 [4],

POLYMERASE CHAIN REACTION

The PCR was performed as previously described using the primers Pt8 (5'-
GTGCGGATGGTCGCAGAGAT-3') and Pt9 (5'-CTCGATGCCCTCACGGTTCA-3') which
correspond respectively to base pairs (bp) 105 to 124 and 626 to 645 of the IS986
insertion element.

The PCR was performed with the heat-stable DNA-polymerase from Thermus
aquaticus (Taq polymerase, Perkin Elmer Cetus, Norwalk, Conn. USA). The final
composition of the PCR reaction mix was 10 mM Tris-HCI, pH 8.3, 50 mM NaCI, 2.0 mM
Mg CI2, 0.01 % (w/v) gelatine, 0.2 mM of each dNTP (dATP, dCTP, dGTP and dUTP), 0.2
//M of each primer, 1 unit Taq polymerase and 0.2 units uracil-DNA-glycosylase (UNG),
(Gibco BRL, Gaithersburg, MD, USA) per 50 u\ reaction volume. The PCR mix was
aliquoted in a final volume of 40//I per reaction vial and stored at -20°C until use. When
a test was performed, the reaction vials were removed from the freezer and to each vial
50ywl mineral oil (Sigma St. Louis, USA) was added before the 10yt/l sample was placed
under the oil layer. For all pipetting, positive displacement pipette tips were used
(Microman, Gilson, France). The PCR was performed in a thermocycler (Bio-med 60
processor, Theres, Germany). The PCR incubations were 5 min at 50°C {to break down
amplicons by UNG), followed by 40 cycles of 1.5 min denaturation at 94°C, 2 min annea-
ling at 65 °C and 3 min primer extension at 72°C.

DETECTION OF AMPLIFIED DNA

Each sample was tested after different treatments in triplicate. One was spiked with
M. tuberculosis DNA (10"u g DNA/reaction) and two were non-spiked. The reaction was
negative if the non-spiked samples were negative and the spiked samples positive. If all
three reactions were negative then there was interference in the sample. The PCR products
were analyzed by agarose gel electrophoresis [4].

OLIGONUCLEOTIDE LABELING WITH 32P OR BIOTIN

The oligonucleotide Pt10 (5'-AGCACGATTCGGAGTGGGCA-3)', which is situated
within the 541 bp fragment and corresponds to bp 133-152 of the insertion sequence
IS986 from M. tuberculosis, was tail labelled with either 32P dTTP (Amersham )or biotin-
dUTP according to the protocol of Schmitz et al. [13].

DOT BLOT HYBRIDIZATION AND DETECTION

Dot blot hybridization was performed essentially as previously described [4] but
Duralose membranes (Stratagene) were used. The membranes were cut in pieces of 8 x
12 cm and presoaked for 10 minutes in Milli Q water and then 10 minutes in 10 x SSC
(1x SSC = 0.15 M NaCI, 0.015 M Na-citrate; pH 7.0). Samples of 5 u\ of PCR amplified
DNA were made up to a final volume of 50//I in Milli Q water and denatured by boiling for
5 minutes and subsequent cooling on ice. After the addition of 50//I of an ice-cold solution
of 20 x SSC, the mixtures were spotted onto a presoaked Duralose membrane using a dot
blot apparatus (Schleicher-Schull), and a vacuum of 60 cm Hg was applied. The spots were
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washed with 200 jj\ of 10x SSC. The DNA was fixed to the membrane by baking for 1 5
minutes at 1 2OC or by UV irradiation at 312 nm for 2 minutes at 8 mW/cm2 (Vilber
Lourmat TFX-20M). The membrane was sealed in a plastic bag with 20 ml of 5 x SSC, 1 %
(w/v) blocking agent (Boehringer Mannheim), 0.1 % (w/v) Na-laurylsarcosine, 0.02% (w/v)
SDS and prehybridized at 50°C for 15 minutes. After the addition of 10 pmol of the 32P
dTTP or biotin-dUTP tailed oligonucleotide probe Pt10 to the prehybridization mix, the
membrane was incubated at 50°C for another 2 hours. The membrane was washed twice
at 50°C for 5 minutes in 50 m! of 2 x SSC with 0.1 % (w/v) SDS and then rinsed briefly in
50 ml of buffer 1 (0.1 M Tris-HCL, 0.15 M NaCL, pH 7.5). When 32P dTTP labelled
oligonucleotide was used the membrane was incubated with X ray film and developed. In
the case of biotin labelled oligonucleotide, the membrane was blocked for 30 minutes in
100 ml buffer 2 (1 % (w/v) blocking agent (Boehringer Mannheim) in buffer 1) and rinsed
briefly in 50 ml of buffer 1 . Then the membrane was incubated for 1 hour in 5 ml buffer
1 to which 0.5 //I of a 1000 Units/ml alkaline phosphatase conjugated streptavidin solution
(Boehringer Mannheim) was added. Unbound conjugate was removed by washing twice
for 1 5 minutes in buffer 1 . The membrane was equilibrated for 2 minutes in buffer 3
(0.1 M Tris-HCL, 0.15 M NaCL, 50 mM MgCI2, pH 9.5). For the performance of the colour
reaction the membrane was sealed in a plastic bag with 1 0 ml of freshly prepared alkaline
phosphatase substrate solution (0.45//g/ml NBT and 0.175//g/ml X-phosphate in buffer
3) and incubated for 3 to 1 6 hours.

RESULTS

SPECIFICITY AND SENSITIVITY

Specificity and sensitivity of the PCR using the primers Pt8 and Pt9 was the same as
for the INS1 and INS2 primers [4].

DETECTION OF M. tuberculosis IN CLINICAL SPECIMENS

Most of the clinical samples were subjected to simple pretreatment with proteinase
K and detergent. For new DNA purification techniques a portion of each sample from each
patient was spiked with M. tuberculosis bacilli to detect any false negative results caused
by loss of mycobacterial DNA or components which interfere with PCR. When spiking
showed that interference was present (spiked samples negative or weaker than the control
samples), we proceeded to the DNA purification method [1 2]. CSF usually did not contain
interfering substances.

Interference was a particular problem with pus, tissue biopsies (Table 1) and 20% of
the sputum samples. PCR results improved after DNA purification (Tables 1 and 2). Some
clinical samples which interfered in PCR were truly positive after DNA purification, e.g.
Table 1 , pus 1 94, pus from wound 1 09, pericardial fluid 1 85; Table 2, sputum 38 and 64.
Other samples were truly negative, e.g. Table 1 , liver biopsy 1 92 and synovial fluid 200;
Table 2, sputum 53, 99, 1 0. There was no difference in the results with sputum when the
DNA was purified directly after the decontamination step (2.4) or after the proteinase K
treatment (2.5).

BIOPSY SAMPLES

For 5 jum cryosections of tissue samples we used proteinase K treatment. In some
cases it was necessary due to interference to purify the DNA [1 1 ]. Larger fragments of skin
biopsy material were sometimes difficult to homogenize. For these materials we used the
Mini Bead Beater to disrupt the material (Table 3).

In all samples treated with the Mini Bead Beater, it was necessary to purify the DNA
[1 1 ]. In some cases interference was difficult to remove. In sample 285 we could interpret
the results only after treatment with proteinase K, MBB, TT and DNA purification.
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TABLE 1. INFLUENCE OF SAMPLE TREATMENT AND DNA EXTRACTION

Sample

pus from abscess
pus from wound
pericardia! fluid
pericardia! fluid
liver biopsy
blood culture
synovial fluid

PCR results after treatment by
Method 1 Method 2
0 10 100a 0 10 100a

194
109
199
185 - + 2+
192 - - 2 +
2 0 1 . . .
200

2+ 2+ 2 +
2+ 2+ 2 +
+ + 2 +
+ + +

+ 2 +
+ + 2 +

+ 2 +

Water control 2 + 2 +

Abbreviations used:
The results of the PCR are expressed as follows: -, no band on agarose gel; ±, faint band; +, moderate band;
2 +, strong band.
Method 1, proteinase K Tween treatment.
Method 2, proteinase K Tween treatment, followed by DNA purification [11).
'Samples were spiked after decontamination so that in 10//I of the treated sample 0,10, or 100 M.tuberculosis
bacilli are present.
Water control, water sample spiked with M.tuberculosis bacilli and treated as indicated.

TABLE 2. INFLUENCE OF SAMPLE TREATMENT AND DNA EXTRACTION PROCEDURE ON
PCR OF SPUTUM SAMPLES

Sputum
sample

Sp38
Sp54
Sp 53
Sp99
Sp 10
Sp64
Sp 100

PCR results after treatment
Method 3a

0

±
2 +
-
-

±
•-

10

2 +
2 +
-
±
-
±
-

100"

2 +
2 +
+
+
+
+
2 +

by
Method 4a

0

2 +
2 +
-
-
-
2 +
-

10

2 +
2 +
+
+
+
2 +
+

100b

2 +
2 +
2 +
2 +
2 +
2 +
2 +

Method 5a

0

2 +
2 +
-
-
-
+
-

10 100"

+ +
+ 2 +
+ +
+ +
+ +
2+ 2 +
+ 2 +

The results of the PCR are expressed as follows: -, no band on agarose gel; ±, faint band; +, moderate band;
2 + , strong band.
* Method 3, decontamination, proteinase K.
Method 4, decontamination, followed by DNA purification [111.
Method 5, decontamination, proteinase K, followed by DNA purification (111.
" Samples were spiked after decontamination so that in 10 jul of the decontaminated sample 0, 10, or 10O
M. tuberculosis bacilli were present.

The results of the agarose gel electrophoresis were confirmed by dot blot hybridisati-
on using the 32P labelled or biotin labelled probe. The results with the probe were similar
to the results with the 188 bp labelled fragment, which we have used previously [4].

PRE-PCR STERILISATION

We used dUTP instead of dTTP and UNG to break down the dUTP containing
amplicons prior to the PCR. We found that an incubation time of 5 minutes at 50°C was
more effective than 10' at room temperature. The amount of UNG necessary to break
down contaminating amplicons was investigated by amplification of amplicons in the
presence of different amounts of UNG (Fig. 1). UNG (0.02 units) could break down 150 pg
of amplicons. The normal level of contamination is 106 less.
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TABLE 3. INFLUENCE OF SAMPLE TREATMENT AND DNA PURIFICATION METHODS

Sample Treatment Result

203 MiniBeadBeater
203 MiniBeadBeater and Boom
57.17 MiniBeadBeater and Boom
57.19 MiniBeadBeater and Boom
285 MiniBeadBeater and prot K
285 MiniBeadBeater, TT and prot K
285 prot K, MiniBeadBeater and Boom
285 prot K, MiniBeadBeater, TT and Boom

interference
positive
negative
negative
interference
interference
interference
negative

Abbreviations used: prot K, proteinase K; TT, Triton x100 in Tris buffer; Boom, guanidinium thiocyante and
diatoms purification method Boom et al., [11].

12 3 45 6 7 8 9 10 11 12 13 14

(A)

(B)

FIG. 1. Ability of UNG to break down dUTP-containing amplicons without changing the efficiency of PCR. dUTP containing
amplicons and M. tuberculosis DNA were used as template in PCR in the absence (A) and presence (B) of 0.02 U of UNG.
Lane 6 to 6, 103, 10s, 10a, 10" and 10" times diluted 15 ng/rf amplicon solution; lane 8-11, 1000, 100, 10 and 1 fg
M. tuberculosis DNA: lane 7 and 12, water controls; lane 1 and 13, respectively 800 and 400 ng Haelll digested &X174 DNA
(RF) as molecular size marker: lane 14, 541 bp fragment as molecular size marker. Amplification products were detected by
agarose gel electrophoresis.
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PCR RESULTS COMPARED WITH CULTURE AND ZIEHL-NEELSEN

We have tested clinical specimens from 123 patients suspected of having tuberculo-
sis. Specimens were obtained from a wide variety of sources (Table 4).

TABLE 4. COMPARISON OF THE PCR RESULTS OF CLINICAL SAMPLES FROM PATIENTS
SUSPECTED OF TB WITH CULTURE, ZIEHL-NEELSEN STAINING

Culture results

PCR result positive negative
ZN+ ZN- ZN+ ZN-

Sputum samples3

Positive 31 4 2 11
negative 2 - - 19

Sputum samples'5
Positive 4 8 - 1
negative - 3 - 1

cerebro spinal fluid0

Positive - 1
Negative - - - 6

pleural fluid"
Positive - 1
Negative - - - 1

Broncho alveolar lavaged

Positive 2 2
Negative - - - 1

Blood, lymphocyte fraction8

Positive - - 1
Negative - - - 3

Pusd

Positive - 1
Negative - - - -

Fistula"
Positive - - - 1
Negative - - - -

Total
tested

48
21

13
4

1
6

1
1

4
1

1
3

1

1

Tissue biopsy'
Positive 1 1 1 1 4
Negative 7 7

a Samples were decontaminated with NaOH-N-acetylcysteine and DNA was purified [12].
"Samples were decontaminated with NaOH-N-acetylcysteine and DNA and frozen at -70°C and thawed by
exposure to 95°C for 5'.
0 Samples were proteinase K treated.
d Samples were proteinase K treated and DNA was purified.
6 Lymfocytes were isolated by Lymphoprep isolation (Nyegaard, Oslo Norway) TT and DNA was purified.
' Samples were treated with MiniBeadBeater and DNA was purified.
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The 92 sputum samples were first decontaminated and in 72 cases DNA was purified
by treatment with guanidinium thiocyanate and diatoms. The remaining 20 samples were
treated by freezing and thawing. In both groups 3 samples gave interference in PCR (4%
and 15% respectively). PCR was positive in: 35 of 37 culture and ZN positive samples; in
12 of 15 culture positive and ZN negative samples; in 2 culture negative and ZN positive
samples and in 12 culture negative and ZN negative samples.

DISCUSSION

We have investigated the potential use of the PCR using primer set Pt8 and Pt9 as
a tool in the early and sensitive diagnosis of paucibacillary tuberculosis.

Proteinase K treatment was used for the isolation of DNA from a variety of clinical
samples. The purification method described by Boom proved to be valuable in cases where
interference of the PCR was a problem.

To prepare sputum samples for PCR we used a decontamination method with NaOH
and N-acetyl cysteine. The advantage of this method is that PCR can be combined with
routine culture procedures. Interference of the PCR could be reduced from 15% to 4%
when a DNA purification step was used.

Our results with the sputum samples from Thailand show that, when necessary for
confirmation of the clinical diagnosis, frozen sputum samples can be successfully examined
in PCR, without deteriorating in the time needed for transport to a well-equipped reference
centre for mycobacteria. This is a promising development since at this stage of the
technology, PCR is too expensive to permit regular use in routine TB laboratories. One
centre in a developing country could function as a reference laboratory where clinical
samples can be tested in PCR for the diagnosis of difficult cases of tuberculosis.

In patients with HIV infection, cancer, or in those who are immunosuppressed and
in whom there is an ongoing lung process, the differential diagnosis includes TB, but
diagnosis may be hampered if sputum production is absent. The use of either BAL fluid or
induced sputum together with PCR allows rapid diagnosis.

Two major problems with PCR methods for the detection of M. tuberculosis are
interference with the PCR which may give a false negative reaction and contamination
caused by amplicons which gives a false positive result. We spiked part of all the clinical
samples to detect interference. Spiking has the additional advantages that one can control
for efficiency of the DNA isolation and obtain semi-quantitative data regarding the amount
of M. tuberculosis in the clinical test sample. If we found significant interference then the
DNA was purified [1 2].

Contamination of samples may occur after some time in those laboratories routinely
using PCR [14]. We proved that contamination was due to the presence of amplicons
rather than M. tuberculosis-complex bacilli or DNA [4]. We have successfully introduced
the use of dUTP instead of dTTPto make the amplicons degradable by UNG. The use of
0.2 units of UNG was enough to break down 40 pg of amplicon of 541 bp.

PCR is the method of choice for the diagnosis of paucibacillary tuberculosis providing
reliable, rapid and accurate results and for difficult cases, e.g. cancer patients and patients
with HIV where the clinical signs of AIDS and tuberculosis have much in common.
Moreover patients with HIV infection have a higher incidence of serious side effects with
anti-tuberculous therapy [15, 16]. Accurate and definitive diagnosis with PCR would
reduce the numbers of patients who are treated solely on the basis of clinical suspicion and

90



are unnecessarily exposed to these potentially toxic drugs. Diagnosis is rapid and can be
made within 48 h of receipt of the sample.

Clearly refinements of the technique and reduction in the costs will allow more
extensive application in the future for rapid diagnosis of the difficult cases in local centres.
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Abstract

Peripheral blood mononuclear cells (PBMCs) from 100 consecutive chronic carriers of the
Hepatitis B virus (HBV) were analysed to determine the frequency of infection of the PBMCs. Cells
were isolated using a ficoll gradient and DNA extracted by phenol following an overnight incubation
with proteinase K and tween-20. Target nucleic acid were amplified using a set of primers spanning
the S region of the viral genome between nucleotides 79 and 761. Following amplification, the
samples were gel electrophoresed and the fragments visualised by ethidium bromide staining. The
presence of a fragment of about 720 bp was taken as indicative of specific amplification of the HBV
nucleic acid sequences. Specificity of amplification was confirmed by hybridization analysis using
virus specific probes. Thirty-six put of 41 (87,8%) HBeAg seropositive cases and 15/54 (27.8%)
anti-HBe positive cases had HBV DNA detectable by gel electrophoresis. Following hybridization all
carriers were found to harbour the virus in their mononuclear cells. The sensitivity using ethidium
bromide staining to visualise the amplified sequences was about 1 pg. With hybridization analysis,
sensitivity was increased about 10s-fold.

INTRODUCTION

Infection of peripheral blood mononuclear leucocytes (PBMCs) have been reported in
both acute and chronic hepatitis B [1-3]. The viral genome in PBMCs is detectable by
Southern blot analysis [4, 5], in situ hybridization [6] and more recently, by in vitro
amplification using the polymerase chain reaction (PCR) [7, 8]. Using the PCR technique,
HBV genomic sequences have been demonstrated in the PBMCs of a significant proportion
of patients with acute hepatitis B and most cases of chronic hepatitis B [8]. Infection of
PBMCs was shown to be persistent in a study involving patients who have undergone
orthotoptic liver transplantation [9]. The significance of this observation is speculative.
There is the possibility that PBMCs in patients with hepatitis B infection may be a source
of viral replication in addition to the liver. This is suggested by the finding of HBV-specific
mRNA sequences in PBMCs of chronic hepatitis B patients [TO], We employed the PCR
technique to examine PBMCs in asymptomatic HBV carriers to determine the frequency of
infection of PBMCs in this group of individuals and to ascertain if there is an association
between infection of PBMCs and viral replicative activity.

MATERIALS AND METHODS

PATIENT SAMPLES

Asymptomatic HBV carriers routinely followed up in the outpatient department of the
University of Malaya Teaching Hospital were studied. Blood samples were taken from
consecutive patients for serological studies, biochemical analysis and for molecular studies.
Serological determinations, including hepatitis B surface antigen and antibody (HBsAg and
anti-HBs), hepatitis B e antigen and antibody (HBeAg and anti-HBe) were performed using
standard radioimmunoassay techniques (Abbott laboratories, North Chicago, II).
Biochemical investigations included the liver profile.
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HBV-DNA EXTRACTION FROM PBMCS

The buffy coat from about 5 mis of EDTA blood were harvested and subjected to
Ficoll separation. The mononuclear cells recovered were washed gently for 5 x in PBS
before being used for DNA extraction. DMA extraction was performed using phenol
following overnight incubation at 37°C with proteinase K and tween 20. Extracted DNA
was stored at -20°C as ethanol precipitate until analysis. Prior to analysis, the DNA was
precipitated and reconstituted in 50//I of TE buffer.

DNA AMPLIFICATION USING PCR

Primers used for the reaction were 20mers spanning a 722 bp region of the S region
of the viral genome between nucleotides 79 and 761. The primers were selected to cover
a region of the S gene that is conserved among the various major HBV subtypes. Primer
sequences were derived from published HBV DNA sequences [11] and were custom-made
by Clontech Laboratories Inc.

In all amplification assays, reagent blanks, and negative and positive controls were
included. All reagents used were molecular grade, and the Taq polymerase was purchased
from Stratagene. The PCR mix were stored in aliquots at -20°C for no longer than
4 weeks. 10 p\ of extracted DNA was added to 40 jul of the PCR mix containing 1.5mM
MgCI2, 0.01 % gelatin, 0.2mM of each of the dNTPs, 0.4ywM of each of the primers and
1.5//I/ 50 fj\ of Taq polymerase in 10mM tris/HCI, 50mM NaCI. The cycling parameters
were: 90°C x 1 min denaturation, 55°C x 2 min primer annealing and 72°C x 3 min primer
extension. The reactions were performed for 30 cycles in a programmable thermocycler
(Hybaid).

ANALYSIS OF AMPLIFIED SAMPLES

A 20 fj\ portion of the reaction mixture were gel electrophoresed and viewed by UV
fluorescence after staining with ethidium bromide. The specificity of the amplified samples
were determined by filter hybridization using a radiolabelled probe.

RESULTS

Specimens from 100 consecutive HBV carriers were analysed. Their serological
status and HBV DNA results are summarised in Table 1. The amplified HBV DNA has a
size corresponding to about 720 bp (Fig. 1). Majority of the HBeAg seropositive subjects
and 15 out of 54 anti-HBe positive subjects had detectable HBV DNA in their PBMCs using
ethidium bromide to visualise the nucleic acid. The limit of detection using this approach
is about 1pg of HBV DNA. Following hybridization, all carriers were found to harbour viral
nucleic acid, in their cells. The sensitivity of PCR coupled with hybridization analysis was
found to be 105-fold greater at O.OIfg HBV DNA.

TABLE 1. SEROLOGICAL STATUS AND PBMC HBV DNA RESULTS IN CHRONIC HBV
CARRIERS

HBeAG/anti
HBe

+ /-

-/ +

-/-

No. of
patients

41

54

5

AGE/EtBr
+ ve

36

15

2

Filter Hybridization
+ + + +

5 36

39 15

3 2
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PRIMERS
Span a 722, bp fragment of the S gene

Between nucleotides 79 and 761

Conserved among the major HBV subtypes

Sequence:

5' 3'
GCT GOT GGC TCC AGT TCC CG
CTT CAG ACA TGT TGT AGA CA

3' 5'

FIG. 1. Primers for HBV DNA.

DISCUSSION

The results of this study indicate universal infection of PBMCs among chronic HBV
carriers irrespective of their serological status. The variability in the reported frequency
of infection of mononuclear cells is due mainly to the difference in the sensitivity of the
assays used. It is not surprising, therefore, that all of the 100 cases we studied using the
highly sensitive PCR/hybridization assays tested positive for viral nucleic acid in their
mononuclear cells. The implication of this observation is dependent on the role(s) of
infection of PBMCs in the pathogenesis and transmission of the infection. There appear
to be a correlation between viral replicative activity and the extent of infection of the
PBMCs. The significance of this observation is unclear. There has been a report of
correlation of the state of the virus of the HBV in the mononuclear cells with
HBeAg/anti-HBe status [12]. The present data do not provide information on the state of
the virus in the cells. Southern hybridization analysis, amplification studies employing
multiple primer sets spanning different regions of the viral genome and the use of reverse
transcription PCR to look for specific transcripts may prove useful in this regard.
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Abstract

We present a rapid and simple method called Expression-PCR (E-PCR) for in vitro synthesis
of protein from genomic, plasmid or reverse transcribed DNA. Expression-PCR is a procedure for
installing transcription and translation signals to genes of interest allowing their efficient expression
in vitro. These signals are contained in an in vitro expression cassette (EC) containing an
untranslated leader sequence from alfalfa mosaic virus (AMV-UTL) directly downstream from the
T7 bacteriophage promoter site. When this EC is spliced to a PCR product, it produces a suitable
template for direct in vitro transcription and translation. This methodology permits the rapid
analysis of gene products without the need for cloning or in vivo expression. E-PCR represents a
significant improvement over current in vitro expression systems, most notably in time-savings,
versatility of gene expression and compatibility with rapid PCR-based site-directed mutagenesis
procedures.

INTRODUCTION

In vitro transcription and translation are powerful analytical tools to examine genes
and the structure-function relationships of the proteins they encode. Standard methods
for in vitro transcription and translation are limited by their requirements for cloning and
subcloning into specialized vectors, bacterial amplification, plasmid purification, and
restriction enzyme digestion. It would be of great advantage to express functional protein
from DNA of interest without these constraints.

The polymerase chain reaction (PCR) has greatly facilitated the ability to generate,
manipulate and mutate DNA [1, 2]. Numerous protocols describe the alteration of PCR
primers in order to incorporate sequence changes, additions or mutations in the final
amplified PCR product. PCR primers can be designed with restriction enzyme sites [3],
translation initiation and termination signals [4], or altered coding sequences for site-
directed mutagenesis [5]. We recently extended this approach by incorporating
transcription and translation initiation signals into an "in vitro expression cassette" (EC)
that can be linked to any amplified gene or gene segment [6]. This method, called
expression-PCR (E-PCR), eliminates the laborious handling required prior to in vitro
transcription and translation and permits the generation of functional protein from DNA or
RNA in as little as eight hours.

MATERIALS AND METHODS

DESCRIPTION OF EXPRESSION-PCR

A schematic of expression-PCR is shown in Fig. 1. E-PCR is a procedure for installing
transcription and translation signals to genes of interest, allowing their efficient expression
in vitro. These signals are encoded on the in vitro expression cassette (EC) which is a
synthetic oligonucleotide which contains a T7 RNA polymerase promoter site, the 5'-

97



Sense primer Antisensc primer
Overlap region

Gene of Interest

Primary PCR

ATC

Add in vitro expression cassette

T7 RNAP AMV-UTL[ — — —Tg- i
. / ^_________

In vitro expression cassette "^T^^^^
Overlap region

Overlap extension

T7RNAP RBS ATG

1Add EXPRESSAMP universal T7 primer
& antisense primer

. ',.,., T7 RNAP RBS ATGKXTRKSSAMT universal T7 ——•————.^_———>
primer _ -^———— - - -

1 Antisense primer
Secondary PCR

T7 RNAP RBS ATG

—— dT-conraining DNA
. - • JU-containing DNA In vitro transcription/translation

FIG. 1. Schematic of expression-PCR. T7 RNAP: T7 RNA polymerase promoter site; AMV-UTL:
untranslated leader sequence from alfalfa mosaic virus; RBS: ribosome binding site; ExpressAmp
universal T7 primer is the 5' oligomer containing dil for UDG cloning of recombinant DNA
templates.

untranslated leader sequence of the coat protein mRNA from alfalfa mosaic virus (AMV-
UTL), and an initiation codon (ATG). The AMV-UTL contains a ribosome binding site which
has been shown to stimulate translation efficiency by up to 35 fold [7]. This EC is spliced
to any gene of interest during thermal cycling, resulting in PCR products which can be used
directly for in vitro transcription followed by in vitro translation. In order to express the
desired gene fragment, it must first be joined to the EC in a PCR-based reaction analogous
to splicing by overlap extension [8-10]. The gene of interest is first amplified by PCR
using gene-specific sense and antisense primers. The sense primer contains a 1 2 base
sequence at its 5'-end (overlap region; Fig. 1), than it homologous to the 3'-end of the in
vitro EC. The in vitro EC and the amplified gene segment are then mixed and re-amplified,
generating a recombinant DNA template that can be used directly for in vitro transcription.
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Transcripts produced in this way may be used for in situ, northern and southern
hybridizations, transcription mapping and RNA processing studies [11]. In addition, they
may be added directly to cell-free translation systems to produce pure radiolabelled protein
in sufficient quantity for analysis. Proteins generated by E-PCR have been shown to retain
full activity [6, 12, 13].

IN VITRO EXPRESSION CASSETTE (EC)

Expression-PCR has recently been licensed to Gibco BRL Life Technologies Inc.,
Gaithersburg, Maryland. The in vitro expression cassette can be purchased as the
ExpressAmp T7 system (Gibco BRL Catalogue # 8445SA). Alternatively the EC can be
synthesized either as a ssDNA fragment or by designing overlapping oligos with
complimentary 3'-ends encompassing the length of the EC as described in the original
paper [6]. The original in vitro expression cassette (Fig. 2, A.1) consisted of the T7
promoter site, the AMV-UTL and the 9 base pair overlap region at the 3'-end coding for the
amino acids methionine, alanine and leucine. This original 9 base pair overlap region was
chosen so that polypeptides generated by E-PCR could be labelled with 35[S]-methionine
and/or 3[H]-leucine. It has recently been modified to end at the initiation codon so that
protein may be generated without extraneous amino acid incorporation [Fig. 2, A.2], In
addition, the in vitro expression cassette has also been designed so that expression PCR
products can be rapidly purified using polyhistidine-metal chelation chromatography [14]
or cloned, if desired, using the Uracil DNA glycosylase (UDG) methodology [15, 16]. All
of these expression cassettes function with equal efficacy.

OLIGONUCLEOTIDES FOR EXPRESSION PCR

In order to be expressed, the gene of interest is first amplified with a sense and
antisense gene-specific primers. The sense primer is designed to include the 12-base
sequence ACT TCC ACC ATG at its 5'-end. The remainder of the oligo should be gene-
specific and in reading frame with the ATG codon. The 12-base pairs at the 5'-end permit
overlap extension with the in vitro expression cassette. The anti-sense primer may be
entirely gene-specific or can be modified to include ACG CGU ACU AGU at it's 5'-end (Fig.
2, B.3). This 12-base pair sequence included at the 5'-end of the anti-sense primer will
facilitate rapid and efficient cloning with the Uracil DNA glycosylase system ([15,16];

A: In vitro Expression Cassettes (EC)
Hind III A/co /

1. CCAAGCTTCTAATACGACTCACTATAGGGTTTTTATTTTTAATTTTCTTTCAAATACTTCCACC ATG GCA CTG
T7 RNAP AMV-UTL Met Ala Leu

2. CCAAGCTTCTAATACGACTCACTATAGGGTTTTTATTTTTAATTTTCTTTCAAATACTTCCACC ATG
T7 RNAP AMV-UTL Met

3. CCAAGCTTCTAATACGACTCACTATAGGGTTTTTATTTTTAATTTTCTTTCAAATACTTCCACCATG GCC CACCACCATCATCACCAC
T7 RNAP AMV-UTL Met Ala His8

B: Primers (5'- 3'}

1. H3T7 S'-CCAAGCTTCTAATACGACTCACTATAGGG-3'
T7 RNAP

Afcol Bal II
2. 5'-AUGGAGAUCUCU CCAAGCTTC TAATACGACTCAC-3'

dU-Cloning T7 RNAP

Mlu I Soe I
3. 5'-ACGCGUACUAGU.........................................-3'

dU-Cloning , gene-specific

FIG. 2.
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CloneAmp system, Gibco BRL catalogue # 8381SA). The primary amplification reaction
contains 1 x PCR buffer, 50 /jM dNTP's (nucleotide concentration lowered to enhance
fidelity [17, 18]) 50 pmol of each primer (sense and antisense) 1 mM MgCI2 (to improve
priming specificity) and 10 ng of target DMA in 100//I volume. Reaction is layered with
mineral oil, denatured at 95°C for 5 minutes then lowered to 80°C and "hot-started" by
adding 2.5 units of taq DMA polymerase (Parker-Elmer Cetus). This cycling profile is
generally 10-25 cycles of 94°C for 30 seconds, 50°C for 30 seconds and 72°C for 1 -6
minutes depending on the gene segment to be amplified. The primary PCR product is then
separated on a 2% NuSieve (FMC Bioproducts, Rockland ME) agarose gel and the DMA
band excised and either purified (Gene Clean; Bio1O1, CA) or used directly in subsequent
reactions.

INSTALLATION OF THE IN VITRO EXPRESSION CASSETTE

The expression cassette is now spliced to the gene of interest by a two-step PCR
which includes an initial overlap extension program followed by a secondary PCR reaction
(Fig. 1). In the overlap extension program, 30 fmol of the in vitro EC and approximately
1-10 ng of the primary PCR product are added to 100//I reaction containing 1 x PCR
buffer, 50//M dNTPs and 1 mM MgCI2, 2.5 U Taq DNA polymerase and denatured at 94°C
for 5 minutes followed by 2-5 cycles at 94°C for 30 seconds, 25°C for 30 seconds and
72°C for 1 -6 minutes. This is then linked to a soak file at 80°C. When the temperature
has equilibrated to 80°C, 50 pmol of the H3T7 primer or primer B.2 (Fig. 2), complimentary
to the 5'-end of the in vitro EC, and 50 pmol of the antisense gene-specific primer are
added. The reaction is then denatured as 94°C for 5 minutes, followed by 20 cycles at
94°C for 30 seconds, 50°C for 30 seconds and 72°C for 1-6 minutes. The final PCR
product is the recombinant DNA template containing the in vitro EC spliced in frame to the
gene or gene segment of interest. This final E-PCR template is extracted with chloroform,
precipitated with ethanol and resuspended in 15/vl of RNase-free water and now can be
used for in vitro transcription.

IN VITRO TRANSCRIPTION AND TRANSLATION

DNA templates produced by E-PCR are added to a 50 jj\ transcription reaction
containing 40 mM Tris-HCI, pH 8.0; 8 mM MgCI2; 2 mM spermidine; 10 mM NaCI; 10 mM
dithiothreitol (DTT); 50 units of RNasin (Promega, Madison, Wl); 500 //M each of ATP,
CTP, GTP and DTP; and 25 units of T7 RNA polymerase (Promega). The reaction is
incubated at 37°C for 60 minutes. The DNA template is then digested with 1 unit of RQ1
DNase (Promega) at 37°C for 10 minutes followed by chloroform extraction, ethanol
precipitation, resuspension in 10 fj\ of RNase-free water. Alternatively approximately 5//I
of the transcription reaction may be added directly to the translation reaction.

Several in vitro translation products and protocols are available. We generally use
Promega or Gibco BRL products and follow the protocol provided by the manufacturer. In
initially setting up in vitro translation, it is important to optimize the concentration of
mRNA, potassium and magnesium in order to achieve efficient translation. mRNA
produced by in vitro transcription is uncapped, however, capping is rarely required for
efficient translation. Protein synthesized in vitro may be radiolabelled by the addition of
35[S]-methionine or 3[H]-leucine to the translation reaction. The efficiency of protein
synthesis can be measured by analyzing 2jj\ samples of the reaction for trichloroacetic acid-
(TCA) precipitable radioactivity, as measured by liquid scintillation counting or by analysis

with SDS-polyacrylamide gel electrophoresis. Synthesized proteins can frequently be used
without additional purification. Translation reaction products should be stored at -20°C
after analysis.
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DISCUSSION

E-PCR is a rapid, simple method for in vitro production of proteins from genes without
cloning. It eliminates the need for laborious procedures and permits the researcher to
obtain experimental results in a matter of days. In its simplest format, E-PCR allows the
rapid production of radiolabelled, biotinylated, or enzyme-linked transcripts from genomic,
plasmid or reverse transcribed DNA for use as probes in Northern, Southern and in situ
hybridizations and in RNA processing and RNase mapping studies. Because transcripts
made by E-PCR contain an UTL sequence that enhances translation efficiency, they also
function as efficient templates for in vitro translation. Entire genes may be expressed or
alternatively, because the initiation codon is contained within the expression cassette,
specific domains within genes can be expressed. The initiation and termination of
translation can be determined by operator design, rather than by the availability of
restriction enzyme sites. Regions that may present difficulties with subsequent protein
characterization such as hydrophobic signal peptides may be easily excluded without
additional gene manipulation. The resulting radiochemically pure proteins are extremely
useful for a variety of purposes that include studies on the subunit structure of proteins,
epitope mapping and mutagenesis studies.

An advantage of in vitro transcription and translation is the ability to produce mutant
protein by altering the DNA template. Historically, site-directed mutagenesis required a
significant input of time to create a series of mutants, clone them and then select for the
desired mutants prior to characterization. This approach often takes days to weeks before
individual mutants are defined. By incorporating expression-PCR with the site-directed
mutagenesis procedure of Higuchi et al. [5] it is possible to generate mutants in one day
that can be screened the next. With the use of UDG cloning, the products can be rapidly
and efficiently cloned and only interesting mutants need be pursued.

E-PCR synthesized proteins can often be used directly in biologic assays. However,
the addition of a tag, such as polyhistidines to the expression cassette, allows synthesized
proteins to be purified by commercially available nickel columns [14] if desired.

Conformation and post-translational modification of proteins are frequently important
for their biologic activity and recognition by monoclonal antibodies. Maintaining
conformation in recombinant proteins can be problematic, particularly those produced by
bacteria or yeast. In vitro translation is a eukaryotic system which when combined with
pancreatic microsomes performs many post-translational modifications of proteins,
including signal peptidase activity, core glycosylation, phosphorylation and disulfide bond
formation. Disulfide bond formation may be further enhanced in vitro by the addition of
oxidized glutathione co-translationally [19, 20] or the use of protein disulfide isomerase
(Takata, Japan).

In summary, using E-PCR it is possible to move from PCR product to functional
translated protein in under eight hours. The approach offers significant advantages for
researchers performing domain-mapping, epitope-mapping and site-directed mutagenesis
since this system offers the potential to rapidly identify biologically important domains and
constructs for further analysis.
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Abstract

A DNA probe (pPF14) which specifically recognizes Plasmodium falciparum DNA was tested
with 192 blood samples from malaria patients in Hainan Island and the results compared with
microscopy. In 94.79 % of the samples, the DNA probe and microscopy gave the same result. In
5.21% of the samples the results of the two techniques were different. Using microscopy as a
standard, DNA hybridization gave 3.66% false positives and 1.55% false negatives (low
parasitemia). The DNA probe method can detect parasite densities lower than 0.003%. No visible
cross hybridization with P. vivax was observed.

INTRODUCTION

Barker and his co-workers reported the isolation of a DNA sequence (pPF 14) which
specifically recognizes Plasmodium falciparum and developed a simple method for its use
[1, 2]. Blood samples are spotted onto filtration membranes directly after lysis and do not
require additional sample manipulation. Thus a single technician can process thousands
of samples per day. The sensitivity and specificity of this probe method has been shown
to be comparable with conventional microscopic examination of blood films. The objective
of our study was to test the probe in a field situation in China.

MATERIALS AND METHODS

PATIENTS

One hundred and ninety two patients presenting themselves at local malaria clinics
in Hainan island, China, were used in this study. The age distribution was 2-65 years.

SAMPLE COLLECTION

35 u\ blood samples obtained from the earlobe were transferred to microtiter plates
containing 200//I lysis buffer (50mM EDTA, 10mMTris-ClpH 10, 0.1 % Triton X-100, 200
//g/ml proteinase K). Samples were incubated for 2 h at 42°C before being transferred to
Genescreen Plus filtration membrane (Dupont NEW Research Products). Filters were then
air-dried for at least 30 min. Dry filters were placed in envelopes and brought to the
laboratory.

LABORATORY DNA PROBE

The DNA probe was labelled with 32P-dATP by nick-translation (200 ng/1 2 u\ probe
DNA, 2 u\ 10 x NT, 0.6//I 2 mM dCTP dGTP dTTP each, 40 uC\ 32P-dATP (Amersham),
1 u\ DNase I (1 jug/ml, 1/yl DNA polymerase I. incubation 1 h). The radiolabelled DNA was
separated from free nucleotides by 'spin column'.
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HYBRIDIZATION

Sample DNA was denatured for 10 min by placing nylon filters into 0.5 M NaOH and
1.5 M NaCI. Filters were neutralized twice (10 min each) in 1M Tris-MCI pH 8.0. The
filters were then prehybridized for 2 h at 42°C in prehybridization solution (50%
Formamide, 5 x SSC, 5 x Denhardt's solution, 1% SDS, 100//g/ml denatured herring
sperm DNA) and hybridized with radiolabelled pPF14 DNA at 42°C overnight. The filters
were then washed 2 times for 5 min each at RT in 2 x SSC, 2 times for 30 min each at
65°C in 2 x SSC, 1 % SDS and finally for 30 min at RT in 0.1 x SSC. Genescreen filters
were not dried before exposure to X ray film.

HYBRIDIZATION CONTROL STRIPS

Positive controls were included in the hybridization experiment. These consisted of
two-fold dilutions of synchronized ring stage W2 strain of P. falciparum parasites.

MICROSCOPY

A thick and thin smear slide was prepared from each patient. Slides were stained
with Giemsa. Microscopic examination was performed by expert microscopists in our
college.

RESULTS

A comparison between expert microscopy and DNA hybridization is shown in Table 1.
Of the 192 samples, 37.50% were positive for P. falciparum infection by both methods
and 57.29% were negative by DNA probe and microscopy examination. Thus, in 94.79%
of the samples, DNA probe and expert microscopy gave the same result. In 5.21 % of the
samples, the results by the two methods were different. Using microscopy as a standard,
the DNA probe yielded 3.65% false positives and 1.56% false negatives.

A hybridization control strip prepared from dilutions of synchronized culture ring
stages showed that 0.003% parasitaemia can be detected by using this technique, the
intensity of the hybridization being proportional to the number of parasites in the sample.

TABLE 1. COMPARISON OF RESULTS FROM MICROSCOPY AND DNA HYBRIDIZATION

DNA probe
+

Total

Microscopy
+

72(37.50%) 7(3.65%)
3(1.56%) 110(57.29%)

75(39.06%) 117(60.94%)

Total

78(41.15%)
113(58.85%)

192(100%)

In the 192 samples, the microscopist also identified P. vivax infections in 33 samples.
The PF 14 DNA probe hybridized with 8 of these samples. Seven of which were mixed
P. vfvax-P. falciparum infections. The results are summarized in Table 2.
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TABLE 2. DNA PROBE HYBRIDIZATION WITH P. V/VAX INFECTION

DNA probe
+
-

Total

P. vivax
Infection

1
25
26

Mixed P. vivax
P. falciparum

infection

7
0
7

Total

8
25
33

DISCUSSION

The purpose of this study was to compare the sensitivity and specificity of the
P. falciparum specific DNA probe pPF14 with that of microscopy for diagnosis of
P. falciparum malaria in China. The results showed that in 94.79% samples, the DNA
probe and microscopy gave the same results.

Using microscopy as the standard, the DNA probe gave a false positive rate of 3.65%
and a false negative rate of 1.56%. The false positives could theoretically be due to non-
specific binding of the DNA probe to blood components, to other infectious organisms
found in the blood, or to residual P. falciparum DNA remaining after parasites had been
cleared from the patient's blood. Had the blood samples been treated with proteinase K
and Triton X-100, it may have completely eliminated this problem [1, 3]. An alternate
explanation for the false positives could be the presence of low level infections undetected
by the microscopists.

Based on hybridization with purified P. falciparum DNA, the pPF 14 DNA probe could
detect < 10 pg of DNA, corresponding to the genome equivalent of 100 parasites [1, 4,
5]. In this study, the lowest number of parasites detected in a 50 u\ sample of infected
blood was approximately 4000. Clearly it should be possible to increase sensitivity by
extracting DNA from the samples before applying them to the Genescreen filters. This is
impractical for field use where the objective is to minimize equipment and sample handling.
In addition, the added steps necessary for extraction of DNA would limit the number of
samples which can be processed simultaneously, and forfeit one of the major advantages
of the DNA hybridization approach.

The specificity of the pPF 14 DNA was examined in cases where microscopists
identified P. vivax infections. Of the 33 P. vivax cases, DNA pPF 14 probe hybridized to
8 samples, 7 of which were a mixed P. vivax-P. falciparum infection, only 1 sample had
only P. vivax. The latter film was not re-examined because the thick smear had peeled off.
According to Barker [1, 2], this probe hybridizes with P. falciparum specifically. It is
possible that the above mentioned sample was also a mixed infection. We plan to obtain
some P. vivax samples in pure P. vivax endemic area to verify the specificity of pPF14
DNA probe.
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Abstract

The use of molecular probes in histopathology is based on the hybridisation of labelled DNA
and RNA probes with nucleic acid sequences in samples of diseased tissues. The main techniques
are (1) in situ hybridisation (ISH), where labelled probes are used to detect complementary DNA or
RNA in histological sections, and (2) examination by Southern or other blotting techniques of nucleic
acids extracted from homogenised biopsy material. Of these ISH enjoys better rapport with
histopathologists because of its similarity to immunohistochemistry. It has the unique advantage
over other molecular biology techniques of allowing localisation and visualisation of target nucleic
acid sequences within morphologically identifiable cells or cellular structures.

Probes for ISH may bear radioactive or non-radioactive labels. Isotopic probes (3H, 32P, 3SS,
14C, 125I) are generally more sensitive than non-isotopic ones, although they are less stable and
require longer processing times. Numerous non-isotopic labels have been explored; of these biotin
and digoxigenin are the reporters of choice. In ISH, finding the optimal balance between good
morphological preservation of cells (which is dependent on tissue fixation) and strong hybridisation
signals, is crucial. Tissue fixation and retention of cytoskeletal structures, unfortunately, impede
diffusion of probes into tissues. ISH sensitivity is also influenced by inherent properties of the probe
and hybridisation conditions.

Although ISH is largely a research tool in histopathology, it is already making strong inroads
into diagnostic histopathology. It has been applied for the detection of CMV, HPV, HIV, JC virus,
B19 parvovirus, HSV-1, EBV, HBV, hepatitis delta virus, Chlamydia trachomatis, salmonella and
mycoplasma etc. Its application includes localisation of sites of infection, elucidation of mechanisms
of virus transmission and dissemination and investigation of the link between virus infections and
cancer. Demonstration of mRNA transcripts in cells by ISH is a useful adjunct in elucidating the
pathophysiology of disease.

INTRODUCTION

Until recently, most histopathologists were satisfied with leaving routine virological
diagnosis to virologists as they had no specific and readily available means of identifying
viruses in tissue sections and smears, apart from the infrequent recognition of fairly
non-specific cytopathic viral effects. The advent of recombinant DNA technology heralded
a major breakthrough by providing highly specific nucleic acid probes with which to
elucidate the aetiological and pathophysiological roles of viruses in the causation of
disease.

The use of molecular probes in anatomic pathology (encompassing histopathology,
cytopathology and electron microscopy) is based on the hybridisation of labelled DNA and
RNA probes with nucleic acid sequences in samples of diseased tissues. The main
techniques are (1) in situ hybridisation (ISH), where labelled probes are used to detect
complementary DNA or RNA in tissue sections or smears, and (2) examination by Southern
or other blotting techniques of nucleic acids extracted from homogenised biopsy material.
Of these ISH enjoys better rapport with histopathologists because of its similarity to
immunohistochemistry. It has the unique advantage over other molecular biology
techniques of allowing localisation and visualisation of target nucleic acid sequences within
morphologically identifiable cells or cellular structures in a heterogenous cell population.
This paper will concentrate on ISH as it is unique to anatomic pathology and also because
the blotting techniques are discussed by other papers in this Seminar.
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IN SITU HYBRIDIZATION

The technique of in situ hybridisation (ISH) was first described in 1 969 [1 -3] but its
developmental phase was largely in the 1980s when recombinant DNA technology was
applied to overcome the earlier problems of probe preparation. By the application of labelled
probes on intact cells and tissue sections, ISH allows the actual localisation of the target
sequence (e.g. a viral genome) in the particular cell which harbours it and it is immediately
obvious why this molecular technique has appealed to the morphologist. Such specific
localisation also has a marked advantage over older molecular methods of viral genomic
identification where detection from a tissue homogenate which contains a multitude of
cells, precludes identification of the actual affected cell, appreciation of cellular detail and
relations and subsequent reconstructive interpretation of the findings. From the practical
view point, the most crucial advantages of ISH to the histopathologist running a service
laboratory are (1) the simplicity of its methodology which is just minimally more involved
than immunohistochemical staining, (2) the specificity of results obtained, (3) ease in
interpretation of findings and (4) its applicability on tissue sections (frozen or
formalin-fixed, paraffin-embedded) and smears without the need for special specimen
collection or processing. We believe that ISH is a technique that will soon be regarded as
"routine" in most laboratories as performing an immunohistochemical stain, especially
when nucleic acid probes become commercially available and techniques for detection in
formalin-fixed and paraffin-embedded tissue are perfected.

PROBES AND LABELS

Probes currently available for ISH include double-stranded DNA (dsDNA),
single-stranded synthetic oligonucleotides, single-stranded DNA (ssDNA) and
single-stranded complementary RNA (sscRNA). In vitro labelling methods are usually used
such as nick translation, random priming, end labelling and in vitro transcription. Labelling
of the probe can be: (1) direct, with attachment of a reporter molecule directly to the DNA
or RNA probe, so that formed hybrids can be visualised immediately after probe-target
hybridisation - radioactive labels and fluorochromes are suitable labels for this method -,
or (2) indirect, with attachment of a reporter molecule - usually a hapten (e.g. biotin or
digoxigenin) - to the probe and subsequent detection of the reporter by a specific antibody
or a labelled binding protein (e.g. avidin).

Reporter molecules can be radioactive or non-radioactive. Radioactive reporters
include 3H, 32P, 35S, 14C and 125I. Of these, 3H is the most well established for ISH work.
Because of its short track length in photographic emulsions, it allows precise localisation
of signals to cellular details and produces high resolution autoradiographs. However, its low
beta energy dictates long exposure times. In recent times, 35S has emerged as a good
alternative. 32P is a readily available label but is too penetrating for good ISH results.

The most frequently used non-isotopic reporters are biotin (vitamin H of B2 complex)
and more recently, digoxigenin (aglycone derivative of digoxin) [4]. Radioactive probes are
generally more sensitive than non-radioactive ones, although they are less stable, require
longer processing times and more stringent waste disposal procedures (Table 1). Marked
improvement in the sensitivity of non-radioactive probes have been achieved in recent
times and their use is gaining popularity in histopathology [4, 5]. Nonetheless, radioactive
probes are the more widely used ones in research and development work because of the
distinct advantages that (1) the efficiency of probe synthesis can be better monitored,
(2) radioisotopes can be readily incorporated into synthesised DNA and RNA, and
(3) autoradiography is a more sensitive detection system than immunoenzyme systems.
In general, with radioactive labels, about 2-10 ng of probe are required per section
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whereas with the biotin label, for example, about 10-20 ng of probe are required per
section [6]. Radioactive labels are still the reporters of choice for detection of
low-copy-number sequences and particularly in the case of cRNA probes for the detection
of low-copy-number mRNA.

TABLE 1. COMPARISON OF RADIOACTIVE AND NON-RADIOACTIVE PROBES

Stability:

Exposure:

Sensitivity

Resolution

Washing procedure:

Waste disposal

Radioactive

Weeks

Days-weeks

+ + +

+ +

Hours

Stringent

Non-radioactive

Months-years

Hours

+ +

+ + +

Minutes

Simple

PROBLEMS UNIQUE TO ISH

In ISH, finding the optimal balance between good morphological preservation of cells
and strong hybridisation signals, is crucial. This poses a problem unique to ISH. Because
cells and even cellular structures have to remain intact and identifiable morphologically,
tissue preservation, usually through the use of a fixative such as formalin or
paraformaldehyde, is necessary. Fixation however impedes diffusion of probes into cells
and causes cross-linkages among nucleic acids and proteins, effectively reducing
accessibility of probe to target. The use of frozen sections obviates the need for fixation
but compromises morphological clarity. Notwithstanding the problems posed by fixation,
the mere retention of cell membranes and cytoskeletal structures already impede diffusion
of probes into tissues, so that the preservation of cellular integrity is a factor directly
opposed to hybridisation efficiency. To promote penetration of tissues, short probes (e.g.
about 50 to 300 bases) are more suitable [6]. In ISH, pretreatment of tissues with
detergent or proteinase is also a standard procedure to unmask DNA/RNA and improve
probe penetration.

In practice, formalin fixation and paraffin embedding will allow the detection of DNA
and mRNA in high copy numbers and this is suitable for most clinical specimens. However,
the detection of mRNA would require that tissue be fixed or frozen as soon after excision
as possible since mRNA is in a more dynamic physiological state than DNA and is steadily
synthesised and degraded more readily. The preferred probe for localising mRNA is an
"antisense" cRNA because of the high thermal stability of RNA-RNA hybrids. In addition,
background reaction can be readily reduced by RNAase digestion of unhybridised probes.
Finally, the use of a labelled "sense" strand provides a negative control system.

ISH sensitivity is also influenced by inherent properties of the probe and hybridisation
conditions. Properties of probes to consider are: (1) probe construct: oligonucleotide probes
are better than traditional probes based on cloned DNA segments because of high
specificity, single-strandedness and short probe length (10-50nucleotides), (2) Efficiency
of labelling: labelling by random priming has been reported to be more efficient than nick
translation, (3) percentage of GC base pairs: the higher the content of GC pairs, the higher
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the Tm, (4) RNA versus DNA probes: the strength of the probe-target bond decreases in
the order of RNA-RNA, DNA-RNA, DNA-DNA, (5) probe length: the shorter the probe, the
better its penetration into cells, (6) signal detection systems: autoradiography for
radioactive labels is reputed to be more sensitive than the immuoenzyme systems.
Hybridisation reactions are influenced primarily by the following conditions: (1) pH, (2)
temperature, (3) salt concentration, (4) concentration of formamide, and (4) stringency of
washes.

ISH TECHNIQUE

The technique of ISH is well documented in the scientific literature [4, 6, 7] and
readers are referred to them for details. Only the general principles will be considered here.

1. Pretreatment

Tissue sections must adhere well to specially treated glass slides to avoid loss of
tissue during the hybridisation process. Various "adhesives" are available including
poly-L-lysine, gelatin chrome alum, and aminopropyltriethoxysilane (TESPA). Following
adhesion of the tissue section on to the slide, the target nucleic acid sequence must be
made accessible to the molecular probe, this procedure being especially important with
paraffin sections. "Unmasking" requires dewaxing the section and treatment with various
enzymes and detergents. The potency of different enzymes varies from type to type and
manufacturer to manufacturer for a single enzyme. Hence the enzyme dilution must be
individually optimised for any experimental system. In our laboratory we use hydrochloric
acid, Triton X-100 and proteinase K to increase probe accessibility and penetration while
acetic acid is mainly used to decrease background staining [8].

2. Hybridisation

Molecular hybridisation is the process whereby a single-stranded target sequence is
annealed to a complementary single-stranded probe to form a double-stranded hybrid. Prior
to hybridisation, both the target and the probe, if DNA, must be denatured to render them
single-stranded and this can be achieved by heat or alkali treatment. Following
denaturation, the single-stranded target and probe sequences are incubated in a
hybridisation mixture, which provides an optimal environment for re-annealing of
single-stranded sequences.

In general, reactions carried out at low temperatures and in the presence of a high
salt and low formamide content of the hybridisation mixture result in low specificity. At
low stringency conditions, a probe may bind to a target sequence with only 70-90%
homology and this results in non-specific hybridisation signals. The manipulation of salt and
formamide concentration has a predictable effect on hybridisation of closely homologous
viral sequences and optimal stringency for a particular sytem should be determined by
experiment.

Specificity control is achieved by varying the conditions under which hybridisation
is carried out. In addition, the following checks can be carried out:

1. Running the procedure without the labelled probe to check for non-specific reactions.

2. Hybridisation of probe to extracted defined DNA or RNA in a dot blot system.

3. Hybridisation of probe to positive control sections or cells (e.g. HeLa cells for HPV18,
CaSki cells for HPV16, Raji cells for EBV) should yield positive results.
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4. Prehybridisation ("preabsorption") of probes with specific cDNA or cRNA should yield
negative results.

5. Hybridisation of sections with sense RNA should yield negative results in the
detection of mRNA.

6. Pretreatment of sections with DNAase or RNAase, whichever is relevant, should yield
negative results with the DNA or RNA probe respectively.

7. Hybridisation of the section with non-specific vector sequences and irrelevant probes
should yield negative results.

3. Post-hybridisation washes

Stringency washes after hybridisation aims at decreasing non-specific binding.
However, it is preferable to hybridise stringently rather than wash stringently.

4. Detection

Various methods are available for visualisation of the hybridisation reaction depending
on the type of probe label used.

Reactions using radioactive labelled probes are detected by autoradiography. This is
based on the emission of fast-electrons or beta particles from the probe. Beta particles
release a large amount of energy when they collide with atoms of an emulsion added to the
section on the slide. The excessive energy released reduces ionic silver present in the
emulsion to metallic silver. When this happens, a faithful record of the location of the
collision between an electron and the silver ions in the emulsion is produced in the form of
a latent image. This image, when visualised is the indicator of the probe location in the
tissue or cell.

In practice, the slide (bearing the probed tissue section) is dipped or coated in
photographic emulsion (e.g. llford G5, K5,14 or Kodak NTB2), an emulsion thickness of less
than 5 //m being best for good cellular resolution. The slide is stored in the dark for an
optimal period of time to allow the formation of a latent image, which is then developed and
fixed by normal photographic procedures.

Biotin-labelled probes can be detected by (1) avidin-based systems which exploit the
natural affinity of avidin for biotin or (2) specific antibodies to biotin. An antibody to digoxin
is used to detect digoxigenin-labeled probes based on the cross- reaction between antibodies
to digoxin and digoxigenin. Single- step and amplification systems are available for detection
of the final product. In single-step detection, an indicator enzyme (such as alkaline
phosphatase or horseradish peroxidase) is linked directly to the primary antibody or avidin
and reacted against its substrate (nitroblue tetrazolium (NBT)/ 5-bromo-4- chloro-3-indolyl
phosphate (BCIP) for alkaline phosphatase and diaminobenzidine for horseradish peroxidase}
resulting in a coloured product. A variety of reactions can be used to amplify signals and will
not be detailed here.

APPLICATIONS

Although ISH is largely a research tool in histopathology, it is already making strong
inroads into the routine histopathology laboratory, especially in the diagnosis of viral
diseases. It has been applied for the detection of cytomegalovirus, human papilloma virus,
human immunodeficiency virus, JC virus, B19 parvovirus, HSV-1, Epstein-Barr virus,
hepatitis B virus, hepatitis delta virus, measles virus, Chlamydia trachomatis, salmonella and
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mycoplasma. It has also been applied to karyotype preparations to study chromosomal
changes in tumours and viral infections. Demonstration of mRNA transcripts in cells is
indicative of active synthesis and is a useful adjunct in elucidating the pathophysiology of
disease. In general, the applications of ISH in the histopathology of infective diseases can
be categorised as follows:

1. DIAGNOSIS (DETERMINATION) OF INFECTIVE AGENT

This is a straight-forward concept, based on the detection of the infective agent's
genome in the tissues or cells studied. Besides the facilitation of clinical diagnosis, specific
typing of infective agents also have important implications for epidemiological surveys and
outbreak investigations [9].

2. LOCALISATION OF ACTIVE INFECTION

The actual cell or cell structures harbouring the infective genome can be elucidated by
ISH e.g. HBV in hepatocytes, parvovirus in cells of the lung [10]. Furthermore, the mode of
viral replication and pathophysiology of disease can be studied, (such as with the use of
RNA probes against specific early regions of viruses). Tissue trophism exhibited by specific
viruses can also be appreciated e.g. HBV for hepatocytes, measles virus for neurons.

3. ELUCIDATION OF MECHANISM OF VIRUS DISSEMINATION AND TRANSMISSION

Natural horizontal and vertical transmission routes of viruses can be studied. For
example, the presence of EBV in epithelial cells of the oropharynx provides a means for
transmission of the virus through saliva. ISH has been used to elucidate the mode of
transmission of CMV from cell to cell, dissemination of JC virus from somatic cells to the
brain [10] and dissemination of Varicella Zoster virus through the central nervous system
[11].

4. LOCALISATION OF PERSISTENT VIRUS INFECTION

Examples are the persistence of JC virus in oligodendrocytes in progressive multifocal
leukoencephalopathy and measles virus in neurons and glia cells in SSPE [12,13].

5. LINK BETWEEN VIRUS INFECTIONS AND CARCINOGENESIS

This is a widely expanding area of active research and clinical interest. Of note are the
role of EBV in nasopharyngeal carcinoma and B cell lymphomas [14], HBV in hepatocellular
carcinoma and HPV in cervical carcinoma [15].
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Abstract

Epstein-Bar Virus [EBV] is the etio/ogic agent of oral hairy leukoplakia (HLP), a condition
unique to patients infected with the human immunodeficiency virus (HIV). A study of the terminal
restriction enzyme fragments of EBV showed that HLP is a permissive epithelial cell infection,
without a predominant detectable population of EBV episomal DNA. Northern blotting and in situ
hybridization revealed expression of early, immediate-early and late RNA messages of EBV
replication. In contrast, 2 small Pol III transcripts, EBER 1 & 2, expressed to high levels in latent
infections were not detected. We conclude that HLP is predominantly a lytic lesion and suggest
that the EBERs may be important in maintaining latency and can be considered useful markers for
latent EBV infection.

INTRODUCTION

The Epstein-Barr virus, typically a lymphotropic herpesvirus, is the etiologic agent of
HLP, a newly recognised mucocutaneous lesion unique to patients infected with HIV [1 ].
Acyclovir inhibits the replication of this virus, and induces clinical remission [2]. In EBV
infected cells, the most abundantly expressed viral transcripts are two nonpolyadenylated
Pol III transcripts EBER1 and EBER2 (EBV-encoded small nuclear RNA) [3]. Despite their
abundance, the function of EBERS is still unknown. The detection of masses of viral
particles in infected cells without cytopathic effect or a host inflammatory response is a
situation unique to the biology of EBV infection, and presents a unique opportunity for the
study of viral replication and determination of the viral termini structure by enzyme
restriction fragment analysis of EBV DNA and for determination of the pattern of EBV gene
transcription by RNA hybridization techniques.

METHODS

TISSUE SAMPLES

Tissue specimens consisted of lingual biopsies of HLP lesions. Cell cultures included
in the study consisted of lymphoblastoid B-cell lines B95-8, AG876, Raji, Louckes and CB4
grown at 37°C in RPMI 1640 WITH 10% (v/v) fetal calf serum and antibiotics. Controls
included NPC-KT and C15, an undifferentiated nasopharyngeal carcinoma (NPC) cell lines
propagated in nude mice.
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PREPARATION OF RADIOACTIVE GENE PROBES

Single-stranded RNA probes were synthesised from EBV fragments cloned into pGEM
vector (Promega) by using SP6 or T7 RNA polymerase. EBV fragments used to identify the
terminal fragments were the EcoRII portion of BamHI NJhet, adjacent to the left terminal
repeat (TRs), the Xho/1.9-kb fragments representing unique DNA adjacent to the right TRs.
RNA probes were synthesised from the BamHI, Z, H and L fragments to identify replicative
mRNAs, the Xho 1.9-kb fragment to identify IMP mRNA, and from the Eco Rl J fragment
to identify EBER RNAs. The EBER1 - specific probe is a 1.45-kb SauSA subfragment of
EcoRI J fragment (bases 5418-6794).

DNA BLOTTING AND IN SITU HYBRIDIZATION

Cell lines and lingual biopsies were studied for viral DNA structure and EBV gene
expression by nucleic acid and in situ hybridization by methods described previously by us
[4].

RESULTS

STRUCTURE OF EBV TERMINI IN HLP

Terminal restriction enzyme fragments of linear virion DNA are heterogenous in size
and vary by increments of 500 bp reflecting differing numbers of copies of direct tandem
repeats of =500 bp at each terminus (TR). Fused terminal fragments are formed after
infection through the joining of the ends of the linear DNA to form intracellular, episomal
forms of EBV. The fused terminal fragments can be distinguished from the terminal
fragments of linear genomes because they will hybridize to DNA probes of unique DNA
adjacent to the TR from both ends of the linear genome [5]. This type of analysis revealed
a single band representing fused termini in NPC, an EBV-associated epithelial malignancy,
as well as in monoclonal lymphomas. The detection of homogenous, clonal EBV genomes
indicated, by extension, cellular clonality. Southern blots prepared from DNA extracted
from tissue biopsies for HLP hybridized to probes representing unique DNA from the left
or right ends of the linear EBV genome adjacent to the TR. In contrast to the pattern
observed in NPC and lymphomas and B-cell lines, in HLP abundant ladder arrays
representing either termini were detected without evidence of predominant fused fragments
(Fig. 1).

ANALYSIS OF EBV GENE TRANSCRIPTION IN HLP

Northern blotting analysis of total RNA extracted from HLP biopsies showed abundant
presence of late mRNAs encoding viral glycoproteins (BamHI L) as well as immediate-early
(BamHI Z) and early replicative mRNAs (BamHI H).

ANALYSIS OF EBV TRANSCRIPTION BY IN SITU HYBRIDIZATION

In situ hybridization revealed expression of latent membrane protein (LMP) [a latent
message expressed to greater levels during replication] throughout the layers of the
epithelium, with particular strong expression in the cytoplasm of the koilocytoid cells in the
upper layers of the epithelium (Fig. 2). Hybridization with a single-stranded RNA probe
synthesized rightward in map orientation from the BamHI Z revealed abundant hybridization
in the nuclei of koilocytoid cells (Fig. 3). In contrast, 2 small Pol III transcripts, EBER 1 &
2, expressed to high levels in latent infections were not detected (Fig. 4).

116



FIG. 1.

FIG. 2. Figure captions on p. 119.
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FIG. 4.

FIG. 3.
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CONCLUSIONS

These results indicate that HLP is predominantly a lytic lesion of lingual and buccal
epithelium, with numerous linear EBV virion particles detected on termini analysis.
Northern blotting and in situ hybridization confirms the abundance of immediate early, early
and late replicative EBV messages. The almost complete absence of EBER expression in
HLP, a predominantly replicative EB viral infection suggest that these RNAs are not
essential for replication and are important in maintaining latency as well as can be
considered a useful marker for latent EBV infection.
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FIGURES

FIG. 1. EBV termini in HLP. Duplicate blots of DNA extracts from 5 HLP lesions were digested with
BamHI and hybridized to SP6 generated RNA probes representing the EcoRII portion of the BamHI
NJhet, adjacent to the left TRs (lanes L) and the Xho 1.9 Kb fragment representing unique DNA
adjacent to the right TRs (lanes R).

FIG. 2. In situ hybridization with probe to LMP, ant/sense orientation (400x). Abundant grains are
seen in the superficial layers, layer of koilocytoid cells and the filiform papillae of the HLP lesion.

FIG. 3. In situ hybridization with riboprobe to BamHI Z, antisense orientation (1000x). Positive
hybridization signals over the nuclei of koilocytoid cells is evident.

FIG. 4. In situ hybridization with riboprobe to EBER1, antisense orientation (1 OOOxl. Lack of
hybridization signal, showing absence of EBERs in HLP.
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