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PREFACE

Molecular cloning has become a fundamental tech-
nique in all biological fields and probably represents
the most powerful tool ever developed not only for
understanding the basis of life but also for modifying
or creating living species. Cloning of genes has al-
ready provided a tremendous body of information for
important medical problems. For instance, cancer
research has been progressing notably with the iso-
lation of activated oncogenes and the identification
of many chromosomal breakage points associated
with the tumoral state. The DNA sequences respon-
sible for other severe diseases such as Duchenne dis-
trophy or retinoblastoma have now been identified,
and the recent cloning of DNA sequences encoding
for factor VIII will allow treatment of hemophiles
without injecting human blood compounds. This is
especially important to consider now that we know
of the potential existence of several infectious new
human viruses such as HIV.

Another very promising application of cloning is
exemplified by the introduction and expression of a
functional cloned gene in defective cells so that the
expression of the wild type gene compensates the
cellular defect and therefore restores the normal ac-
tivity. It has already been shown that treatment of
anemia, such as thalassemia, is possible by this
method. The low-cost mass-production of biological
molecules such as interferon, insulin, and antibiot-
ics for use in human therapy has also been made
possible by the use of cloning procedures. Engineer-
ing of genes has also been applied successfully to the
production of vaccines for humans. For example, the

production of hepatitis B envelope protein by yeasts
has led to the production of a vaccine commercial-
ized this year in the United States. Also very prom-
ising is the use of vaccinia virus recombinants that
express cloned genes of unrelated infectious agents
to develop live vaccines. This approach, which is
being used with recombinants expressing proteins
from human immunodeficiency virus (HIV) and
Hepatitis B virus, might become more powerful with
the use of vaccinia recombinants also carrying genes
encoding for lymphokines. Even more spectacular is
the recent description of a strategy allowing con-
struction of a multivaccine vehicle which might per-
mit a multiple-long-term immunization following a
single injection. No doubt that molecular cloning
will permit a considerable improvement of our life in
the near future.

Aside from medical applications, molecular clon-
ing is also applied at a considerably expanding rate
to biotechnology of animals and plants. Since the de-
scription of transgenic giant mice in 1982, human
growth hormone has been expressed in transgenic
rabbits, sheep, and pigs, while tragsgenic cows will
be used for the production of foreign proteins di-
rectly excreted in milk. Transgenic plants include
cereals, beetroot, tobacco plants, carrots, salads, and
petunias. For example, a tobacco plant containing
Tobacco Mosaic Virus (TMV) genes has been com-
pletely reconstructed in vitro and has given rise to a
plant which is more resistant to TMV infection.

Other unexpected achievements permitted by
gene cloning include the use of individual-specific:
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“fingerprints” of human DNA in police investigation
and expression of 2500-year-old mummy genes. The
combined use of computerized programs and genetic
engineering will certainly permit in the near future
the creation of synthetic proteins with new activities
adapted to particular needs of our society, such as
elimination of hydrocarbons or heavy metals and the
production of new medications.

This second edition of A Practical Guide to Mo-
lecular Cloning is intended to provide both the
basic information needed for inexperienced people to
perform cloning of any DNA fragment and eventu-
ally study its expression products in transformed (or
transfected) cells, and the most sophisticated up-
dated techniques for researchers who are already fa-
miliar with molecular biology. Therefore, this book
should be very useful to students, technical staff
members, and senior scientists. We have deliber-
ately chosen to describe only a selection of tech-
niques which have proved to be, in our hands, the
most reliable and easiest to use. In a few cases, se-
lected protocols were obtained from specialists in
their fields. Because of the considerable amount of
information that was added to the previous edition,
we have changed its format and tried to make it
even more pleasant to use. We have kept a larger
printing size for the protocol sections so that the dif-
ferent steps in the procedures can be checked at a
glance when necessary during the experimentation.
A wider margin has also been set at the side of the
protocols to provide space to write notes or com-
ments. Finally, we have used a spiral binding for the
regular edition to fill the need of many colleagues
who prefer to open the book flat on a bench.

Aside from these changes, the content of the book
has been largely reviewed and updated. A new chap-
ter describes basic methods used in molecular biol-
ogy. The aim of this chapter is to provide very basic
principles of some current methods (e.g., the impor-
tance of working at an accurate pH, choosing correct
buffers, determining the best conditions for electro-
phoresis and centrifugation, etc.). This is particu-
larly important to beginners in the field, since many
cloning experiments may fail due to a lack of knowl-
edge in this basic matter.

Modification and specific digestion of DNA are
two basic steps in molecular cloning. An updated re-
view of commercial modifying enzymes is presented
in Chapter 4 (commercial availability in both the
United States and Europe being indicated). The
combined use of bacterial strains expressing cloned
genes and sophisticated purification methods has al-
lowed marketing of high quality products at very
reasonable prices. More and more suppliers also of-

fer kits containing all components needed in addi-
tion to the enzyme itself. Before using such kits,
make sure you can obtain individual components
without having to buy the whole package again!

Because restriction endonucleases remain an es-
sential tool in molecular cloning, we have devoted a
complete chapter to describe their main properties.
The number of commercial restriction endonucle-
ases has increased considerably since the first edi-
tion was completed. We have now provided the
reader with a concise table indicating commercial
availability (adjusted to meet a 1988 publication
date) and specific comments for all enzymes from
many different sources. Several other tables provide
information on thermosensitivity, salt effects, the
number of cutting sites in main vectors, and an al-
phabetical listing of all known restriction endonu-
cleases and isoschizomers. Special attention has
been given to the search for compatibility of differ-
ent restriction sites and the nature of sites gener-
ated after combining two compatible ends. This in-
formation is particularly useful when one wants to
ligate DNA fragments harboring different but com-
patible ends without using modifying enzymes. A
computerized program has been developed espe-
cially for this purpose in collaboration with C. Mug-
nier (CITI 2, PARIS) to provide all compatibilities
between commercial enzymes listed in this manual
and the resulting restriction sites generated after li-
gation.

Because so many different new vectors appear
every month in literature, we did not feel that a com-
plete review should be included in this book. Rather,
we have presented a listing of the main commercial
vectors representing the different kinds of systems
being used today. Their practical advantages and
limitations are also discussed.

Many of the new methods, which have been de-
scribed in the past few years to obtain rapidly better
yields of high quality vector and passenger DNA,
have been included in this manual, with new proce-
dures for separating DNA fragments by electropho-
resis. These new techniques, which offer the ability
to identify genes on intact chromosomes, open very
promising roads to the understanding of genome or-
ganization and expression. We have also described
new methods for propagation of recombinant DNA
molecules and in situ hybridization techniques.

Labeling of DNA fragments is another essential
step in molecular cloning. Because it is used on a
daily basis by most researchers in various laborato-
ries, several methods have been developed for label-
ing DNA with nonradioactive precursors. Their ad-
vantages and conditions for use are described in this
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manual. These procedures may be of great interest
to laboratories involved in diagnosis. Also of consid-
erable interest is the in vitro synthesis of labeled
probes from cloned genes by SP6, T7, and T3 RNA
polymerases. The methods described in this manual
allow the synthesis of riboprobes with very high spe-
cific radioactivity, therefore providing increased sen-
sitivity without high backgrounds. These procedure
are suitable for in situ hybridization, as well as syn-
thesis of probes to search genomic sequences directly
on chromosomes.

When the use of purified DNA fragments is not
possible, cloning the genes of interest is made pos-
sible by preparing genomic libraries in which any
gene is theoretically represented or by cloning cDNA
species. For the first time in literature, we give the
results of a comparative test which has been per-
formed in our laboratory with the different “lambda
in vitro packaging extracts” commercially available.
We hope that our experience will help our colleagues
in choosing the source of extract being the most ap-
propriate to their own needs. Performing cDNA
cloning is now greatly eased by the use of specially
tailored vectors which are also commercially avail-
able and proved to be of satisfactory quality for re-
liable, safe, and fast cloning. We describe in this
manual two protocols based on the use of commer-
cial and “house-made” vectors.

Nucleotide sequencing of DNA and RNA has been
improved by the introduction of new versatile vec-
tors, the use of reverse transcriptases and tech-
niques allowing direct sequencing of double
stranded DNA. Use of **S-labeled nucleotides and
reverse transcriptases, direct sequencing of double
stranded DNA, sequencing in both orientations, se-
quencing in microtiter plates, and other new rapid
ways of sequencing are among the techniques in-
cluded in this manual. Because the large amount of
information obtained in sequencing often leads to
use of computerized systems, we present here an up-
dated brief review of what can be gained by using
computerized programs. This chapter does not in-
tend to review all programs, but should allow begin-
ners to become familiar with these techniques.

Cloning of genes may be directed towards modi-
fication of living cells (see above) to improve or cre-
ate new species. Mutagenesis of cloned DNA frag-
ments is possible by several techniques which are
described in this book. New techniques, such as
“TAB linker mutagenesis” and “random introduction
of single base mutations in defined fragments” are
described in detail.

We also felt that protocols for studying DNA-pro-
tein interactions should be presented in this manual

because regulatory proteins involved in differentia-
tion processes or growth cycle regulation are often
described as DNA-binding proteins. Techniques for
purification of protein-DNA complexes and charac-
terization of the DNA sequences involved in the
complex are currently used by leading laboratories,
and no current book describes them in detail.

Finally, in many instances, the ultimate goal of
cloning remains the production of large quantities of
a pure product (for research or industrial purposes).
The last chapter has been completely reorganized to
provide the reader with an updated review of differ-
ent ways to express cloned genes in various procar-
yotic and eucaryotic systems. Protocols for in vitro
transcription and translation of cloned sequences
are described in detail. Among them are the recent
techniques for the additionof cap structures to eu-
caryotic mRNAs and direct in vitro synthesis of
capped mRNA species. We have also described in
this chapter two procedures for the in vitro transla-
tion of messenger RNAs in both reticulocyte and
wheat germ extracts.

Different kinds of procaryotic and eucaryotic
expression vectors have become commercially avail-
able. We present a brief review of their advantages
and main properties. For example, expression vec-
tors have been designed recently to allow an easy
recovery of proteins. The use of these vectors in com-
bination with the techniques that have been de-
scribed to recover intact gene products from fusion
proteins should prove to be very helpful in isolating
gene products corresponding to cloned sequences of
various origins.

In addition to these protocols, we also describe
several different techniques for the introduction of
foreign DNA in animal or plant cells by means of
transfection and for the characterization of polypep-
tides expressed in transfected or transformed cells
by immunoprecipitation and immunoblotting.

The protocols described in this book have been
used successfully in the past few years to character-
ize the cellular localization, the nature, and the
function of many gene products in both procaryotes
and eucaryotes. ‘

I hope this manual will be helpful not only to all
those who are about to start using molecular clon-
ing, but also to the researchers already involved in
this field. I am indebted to all the colleagues who
helped me select the methods described in this man-
ual, discussed the relative advantages and disad-
vantages of different techniques, and provided un-
published protocols or experimental data. I wish to
thank Johann Soret for reading the manuscript,
André Sentenac and collaborators who provided pro-
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tocols for the study of DNA-proteins interactions,
Claude Mugnier and P. Le Beux for allowing us to
use the CITI2 facility programs, Anne-Lise Haenni
who provided the protocol for wheat-germ extract
preparation, and all the members of my laboratory
for their criticism, support, and suggestions. I also
wish to thank S. Kudzin for his support, stimulating
discussions, and help in designing this book, and A.
Besnard, C. Leray, and N. Frey for skillful typing
assistance. The members of the production depart-
ment at Wiley have done a great job with my original
manuscript. I thank all of them sincerely.

Thanks are due to Amersham International,
Beckman, Boehringer Mannheim, Pharmacia Fine

Orsay, France
January, 1988

Chemicals, Hoefer Instruments, International Bio-
technologies Inc., Promega Biotec, New England
Biolabs and United States Biochemical Corp., who
allowed me to reproduce their published material.
Thanks also to N. Sasavage at Bethesda Research
Laboratories for allowing us to use information pub-
lished in Focus and for providing documents. To all
of them I dedicate the Epilogue of this manual.

Again, this is my opportunity to thank most par-
ticularly my children, Sabine, Sébastien, Séverine,
and Sonia, and my wife Annick for their constant
support, patience, and help during the preparation
of this book.

BERNARD PERBAL
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LABORATORY EQUIPMENT
FOR MOLECULAR CLONING

The following laboratory equipment is used in mo-
lecular cloning:

Autoclave(s).

Centrifuges for ultracentrifugation (e.g., Beck-
man, Sorvall, MSE).

Rotors such as Beckman 60 or 70 Ti, SW41,
SW28, SW50, or equivalent. Vertical rotors are
also very useful.

Centrifuges for high-speed centrifugation, such
as RC5B (Sorvall) or J21 (Beckman), with ro-
tors for large volumes (Sorvall GS3 = 6 x 500
ml, GSA = 6 x 250 ml, Beckman JS4.2 = 6 x
1000 ml or 6 x 500 ml or 6 x 250 ml with
adapters) and rotors for small volumes (Sorvall
SS34 or Beckman JA20), allowing runs up to
50,000 x g.

The new TL100 ultracentrifuge (Beckman) is par-
ticularly adapted to manipulation of small
samples, and allows a considerable reduction of
centrifugation times.

Centrifuge for microfuge tubes (1.5 ml and 1 ml).
Rotors allowing horizontal centrifugation will
permit pellet precipitates at the bottom of the
tubes.

Centrifuge for low-speed centrifugation (used for
pelleting bacteria, pelleting cells, phenol ex-
traction, etc.). ) '

Computer (e.g., IBM or Apple).

Sequence analysis software (e.g., IBU/Pustell).

Laminar flow hood and chemical hood.

Orbital shaker for bacterial cultures (e. g., New
Brunswick), with thermostat for use anywhere;
without thermostat if used in warm room.

CO, incubator for cell cultures.

Refrigerators and freezers (4°C, —25°C, —80°C).

Power supplies for electrophoresis. Consider buy-
ing one delivering high amperage (up to 200
mA) and high voltage (2500-3000 V) for se-
quencing (e.g., Bio-Rad, LKB, Pharmacia).

Power supply delivering at least 250 mA for West-
ern blotting.

Pulse controller (such as Hoeffer PC 750) for re-
verse field electrophoresis (requires a 750-V
DC power supply).

Apparatus for electrophoretic transfer of proteins
and nucleic acids (e.g., BioRad, and Hoefer).
The transphor system from Hoefer comes with
a convenient power lid designed to provide the
high current requlred for eﬁiclent and even'
transfer.

Camera such as Polaroid MP4 with instant type
57 (positive) and/or type 55 (positive/negative)
films.

Benchtop orbital shaker for staining, destaining,
and washmg

Transﬂlummator (long-wave UV will avoid dam-
aging DNA). :

Vacuum oven (80°C).

Microwave oven.




Gel beds for regular agarose and acrylamide gels
and for sequencing gels.

Miniature electrophoresis apparatus for rapid
screening of proteins (such as “mighty small”
SE250 from Hoefer).

Apparatus for slot blotting (Schleicher & Schuell,
BRL).

Microscope (with inverted light for examination of
cell cultures).

Refractometer.

Desiccator.

Speed Vac concentrator/evaporator (Savant).
Equipment for redistillation of chemicals.

Equipment for deionization or distillation of
water. ;

Water bath at 37°C.

Refrigerated water bath for temperatures of 10—
18°C.

Heating block to keep tubes warm and dry (e.g.,
for phage plating).

Water bath at 80°C.

Water bath at 45°C.

Water bath with agitation.

Automatic pipettemen (e.g., Gilson or Eppendorf)
for volumes of 0-20 pl, 0—100 pl, 0—200 pl, 0—
1000 pl. Yellow and blue tips for pipetteman.

Cassettes for autoradiography, with intensifying
screens for 2P (DuPont) and films (Kodak or
Cronex). Keep cassettes for 35S sequencing sep-
arately.

Vacuum pump.

Liquid nitrogen tank.

pH meter and pH indicator paper.
Spectrophotometer (UV and visible).
Multicanal peristaltic pump.
Radioactivity counter.

Radioactivity monitor.

Plastic shield for protection against radiation.
Pipette acid (e.g., Drummond).
Vortexer.

Magnetic stirrer.

Balances.

Sealing-bag system and plastic bags (e.g., Sears
or Krups).

Timer.

Slab gel dryers (Hoefer). Consider buying one for
sequencing gels and one for protein gels.

LABORATORY EQUIPMENT FOR MOLECULAR CLONING

Apparatus for electroelution, and concentration
of samples to small volumes (e.g., Biotrap,
Schleicher & Schuell).

Gel reader for sequencing gels. Some of them may
be related directly to computers for safe anal-
ysis (IBI, Beckman).

Filtration units (e.g., Millipore).

Polypropylene bottles for centrifugation (1 liter,
500 ml, 250 ml).

Polypropylene tubes (5 ml, 15 ml, 50 ml).

Polypropylene flasks, cylinders, and beakers.

Ultraclear tubes (Beckman) for high-speed cen-
trifugation.

Quick seal unit and tubes (Beckman).

Corex tubes (30 ml and 15 ml) with adapters.

Whatman 3MM paper.

Nitrocellulose filters.

Millipore flat forceps to manipulate filters.

BenchKote (Whatman).

Plastic disposable pipettes (10 ml, 5 ml, 1 ml).

Glass disposable pipettes (20 ml, 1 ml).

Glass plates for electrophoresis.

Combs for electrophoresis, sharkstooth combs for
sequencing.

Spacers for electrophoresis, wedge spacers for se-
quencing.

Glass slides for minigels.

Polypropylene microfuge tubes (1.5 ml, 0.75 ml)
such as Eppendorf or Beckman.

Dialyzing tubing (2.5-cm and 1-cm diameter).
Portable UV lamp.

Syringes (50 ml, 10 ml, 5 ml, 1 ml).

Hamilton syringes (5 pl, 10 pl).

Needles (18-, 21-, and 25-gauge).

Giemsa rapid stain for staining cells.

Xylene cyanol and Bromophenol blue (dyes for
electrophoresis).

Gradient former and collector.

Microcaps (1-5 pl, 10 pl, 50pl, 100ul).

Adhesive tape (regular and indicating radioactiv-
ity or bichazard).

Sterilization tape (for 120°C and 180°C).

Scalpels and blades, forceps and scissors.

Plastic autoclaving bags (to eliminate biohazard-
ous material).

Loops to seed bacterial cultures and pick
colonies.
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Petri dishes for eucaryotic cell cultures (special
plastic) and for bacteria plating.
Isothermic containers.

All glassware to be used for RNA work should be
baked at 180°C for at least 2 hours. Glassware for

3

DNA work should be siliconized by immersion in 5%
dichloromethylsilane in chloroform, followed by ex-

tensive rinsing with deionized water and drying in
the oven.



