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DNA, RNA, and Protein

RNA, DNA, AND PROTEIN are
the bread and butter of the molecular
biology laboratory. Until a few years
ago, investigators worked in a “DNA
lab,” or an “RNA lab” or a “protein
lab,” and had great expertise only in
that area. Increasingly now, investiga-
tors need to be familiar with tech-
niques involving all three macromole-
cules, and laboratories are set up to
accommodate this range. Even a small
project can easily involve a bit of
cloning, mRNA isolation, and Western
blotting.

The problems associated with
either DNA or RNA or protein are not
the same, as the molecules have com-
pletely different properties. But think-
ing and working aseptically will help
you avoid some of the major pitfalls of
macromolecule work.

MOLECULAR BIOLOGY
TIPS

® Know the theory behind every-
thing you do. With kits and proto-
cols readily available, it is particu-
larly easy to do experiments in mol-
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ecular biology without a thought in your head. Know the components of a kit,
and know what they do. Know why you use high salt versus low salt, ionic versus
nonionic detergents. If you don’t, you will end up changing protocols instead of
ever troubleshooting.

Don’t endlessly protocol-shop. In no field of science will you be able to get more
help than in molecular biology. The manuals are plentiful and excellent, there are
numerous on-line sources for advice, and many of the techniques are taught in
college and grad-school labs. It is easy to become infatuated with a nifty new tech-
nique. But if you have a protocol that works, stick with it.

Purchase kits judiciously. They are completely invaluable. But if they are not pur-
chased wisely, they can be an enormous waste of time. Check out the lab’s
resources before you order one. If, for example, the lab already has 90% of the
reagents needed, it doesn’t make sense to purchase the kit. Or if a “kit” only con-
sists of an easily made buffer, control DNA, and enzyme, buy the enzyme, make
or buy a control, and make the buffer.

Consult with other scientists about results. Because of the enormous amount of
written material around, you may feel that you “shouldnt” ask questions. But here
as in all fields, a bit of advice could save you weeks of effort and money.

Be vigilant about the effectiveness of your reagents. The reagents you purchase
are still made by human beings, and could be ineffective, labeled incorrectly, or
have any number of things wrong. There is a tendency to assume that a prettily
packaged, labeled, and boxed reagent must work, and that the failed experiment
must be your own fault. (In most cases, of course, it is your fault.) Include con-
trols, where feasible, for all reactions. Don’t hesitate to call the manufacturer or
supplier if you have a doubt about a reagent: The technical services will suggest
ways to determine whether the reagent is functional and will arrange for an imme-
diate replacement if it is not.

® Label everything. Each sample may pass through several tubes on its way to its
final treatment, and the contents of even the intermediary tubes must always be
clear.

o

Discard old tubes as you go. Racks of microfuge tubes will pile up quickly in the
refrigerator and freezer, and they can become confusing and depressing. Keep a
tube only until you have the next step completed satisfactorily.

DNA

DNA is pretty tough, as the material that holds and transfers most genetic infor-
mation would have to be. But don't get too casual. The main worry is that of conta-
mination of samples or reagents with other DNAs.
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DNA Isolation

DNA 281

The DNA isolated will either be genomic or extrachromosomal.

Investigate DNA isolation kits. These have been fine-
tuned to isolate genomic and extrachromosomal
DNA, as well as DNA from agarose gels and PCR
products from multiple amplification reactions. They
utilize a DNA-binding resin or membrane, and are
often little microfuge columns. They are worth the
expense. Their use usually eliminates the need for phe-
nol extractions and CsCl centrifugation.

Read and follow carefully the
instructions included with
DNA isolation kits. Details
that may seem minor—such
as the O.D. of a bacterial
culture—can be very impor-
tant.

Extrachromosomal DNA is isolated as phage or plasmid DNA.

Large pieces of DNA, for example, genomic DNA, must be handled carefully to
avoid breakage. It is isolated and stored differently from small DNAs.

Preps may be referred to as mini, midi, and maxi (small, medium, and large).
Mini preps are sufficient for a surprising number of uses.

Find out what quality of DNA prep is required. Certain procedures such as DNA
sequencing or transfection of mammalian cells may require a high quality of
DNA to work well, whereas others, such as screening clones by restriction map-

ping, may be more forgiving.

TABLE 1. Genomic DNA Sizes

Base pairs/ Copy number of
Organism Haploid genome single-copy genes
Escherichia coli 4.7 x 10° bp 1.8 x 108
Drosophila melanogaster 1.4 x 108 bp 6.6 X 10°
Mus musculus (mouse) 2.7 X 10° bp 3.4x10°
Homo sapiens 3.3 x 107 bp 2.8x10°
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PROTOCOL

Alkaline-SDS Plasmid Minipreps

Minipreps allow you to isolate and analyze plasmid DNA from a bacterial culture, 12
or 16—as many as can fit in your microfuge rotor—can easily be run at once.

Materials

5 ml overnight culture. Use LB plus the appropriate antibiotic, and inoculate with
a single colony. Incubate at 37°C, shaking or rolling,

® Sterile microfuge tubes.

¢ Je=

® Solution I (Lysis buffer: 25 mMm Tris-HCI, pH 8.0, 50 mMm glucose, 10 mm
EDTA), hold on ice to chill.

®  Solution II (Denaturing solution: 0.2 N NaOH, 1.0% SDS), made fresh for each
preparation. Hold at room temperature.

® Solution III (Renaturation solution: 5 M potassium acetate. To make: Prepare
120 ml of potassium acetate. Add 23 ml of glacial acetic acid and 57 ml of H,O
for a total volume of 200 ml.) Hold on ice.

* TE.

® 70% and 100% ethanol.

® RNase A (DNase-frec). Make up a 2 mg/ml solution, aliquot it, and store at
—20°C. You can use and refreeze this. There are protocols to make Rnase A free
of DNase, but you can (and should) just buy DNase-free RNase A.

Procedure

1. Add 1.5 ml of the culture to a microfuge tube.

2. Centrifuge 2 minutes at 10,000g, preferably in the cold. Aspirate the super-
natant.

3. Resuspend the pellet in 100 pl of cold Solution I. Vortex for 2 minutes.
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FIGURE 1.
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Two tubes can be vigorously vortexed together
by holding them bottom to bottom (). If you
have more than two tubes, use either a multi-
tube vortexer or a standard vortexer with an

a8

5. Add 200 pl of Solution II and mix the tube by Solutiqn I 10 digest the
inversion for 5 seconds. Vortexing would damage ba.cter ial cel/.wlel, but
the DNA this usually isnt neces-

' sary.

6. Incubate the tube on ice for 5 minutes.

7. Add 150 pl of Solution IIT and mix the tube by inversion for 20 seconds.

8. Incubate the tube on ice for 5 minutes. Plasmid DNA is selectively renatured.

9. Centrifuge at 12,000¢ for 5 minutes.

10. Remove the supernatant (which contains the DNA) with a pipettor into a

1.

Incubate the tube at room temperature for 5 min-
utes. The bacteria will be lysed and the DNA
released.

new tube.

adapter that holds multiple tubes ().

Some protocols call for

the inclusion of lysozyme
(Final 4 mg/ml) in

Add 5 pl of 2 mg/ml RNase A (DNase-free) to the supernatant and incubate

at 37°C for 5 minutes.
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12. Add 450 pl of phenol-chloroform and extract (see protocol below) to remove
the RNase A and proteins.
13.  Extract with chloroform (see protocol below).
14. Add 1 ml of cold 100% ethanol and precipitate for 20 minutes at —80°C.,
15. Aspirate the supernatant.
16. Wash pellet with 70% ethanol and dry under vacuum for 5 minutes. If you
aren't in a hurry, invert the tubes onto a paper towel and let drain and dry for
30 minutes.
17. Resuspend the pellet in 25 pl of TE. Use 2—4 pl to run on a gel and store
the rest at —20°C.,
PROTOCOL

Phenol Extraction of DNA Samples

Phenol extraction is often done on samples of DNA (and RNA) to remove contam-
inating proteins. Phenol and water are not miscible, and will form separate phases
when mixed. When the aqueous sample containing the DNA is mixed with phenol,
the proteins partition into the phenol phase, the aqueous DNA is removed, and the
sample is reextracted and concentrated by ethanol precipitation.

Materials

Solvent-resistant plastic tubes. Try to work in as small volumes as possible. Most

extractions can be done in microfuge tubes.

TE-saturated phenol:chloroform:isoamyl alcohol 25:24:1 (see Chapter 7)
Chloroform:isoamyl alcohol 24:1.

Pipettor and tips.
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Procedure

1. Add an equal volume of TE-saturated phenol-chloroform to the DNA sample.
The total volume should not exceed 500 pl for a 1.5-ml microfuge tube.,

2. Vortex the sample vigorously for 20 seconds.

3. Centrifuge the sample for 5 minutes at room temperature to separate the phases.
This does not have to be a high spin, but it is often convenient to use the highest
speed on the microfuge. Remove the samples carefully

so you don’t disturb the separated phases.
If you have added hydroxy-

4. With the pipettor, remove as much aqueous layer as quinoline to the phenol, the
you can without disturbing the protein layer. Add it to | phenol will have a yellowish
a new tube. color.

FIGURE 2.

After centrifugation, you should see two phases in the tube. The top
phase is the aqueous phase, which contains the DNA. The bottom phase
is the organic phase, containing the protein. There is usually an
interphase of extracted protein, a thick or barely visible whitish band
between the aqueous and organic phases. Don’t touch the white junk
when removing the aqueous layer!

 the phenol layer. Vortex and centrifuge.

- DNA in that tube. It is not worth the time to routinely reextract the phenol layer.

o improve yield: If you think you have ot gotten enough of the aqueous ayes you
can reextract the phenol layer by adding a volume of TE, pH 7.5, approximately equal to

If the combined volume of the aqueous phasés, is Under500 ul, yq;i méy cdﬁibin_e them
in one tube, Usually, however, you will need another tube, and will end up with almost no

To improve purity: If you think you might have picked up some of the protein layer,
you can phenol extract the aqueous phase by adding a volume of phenol:chloroform
approximately equal to the aqueous layer. Vortex, centrifuge, and carry on as in step 4, If
you find that your enzymatic reactions with DNA aren’t working, you probably need to do
two extractions. . o :
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5. Add an equal volume of chloroform to the aqueous

Phenol-chl
layer. Repeat steps 2, 3, and 4. enol-chloroform must be

disposed of as  hazardous

6. Label the tube. It is now ready for use or for concen- | w4 Do not discard it
. o down the sink.
tration by ethanol precipitation.

PROTOCOL
Ethanol Precipitation of DNA

Precipitating the DNA sample enables you to resuspend it in a smaller volume, and
s0, to concentrate it. Precipitation also removes residual chloroform, which will
inhibit many enzymatic reactions.

Procedure

1. To a maximum volume of 450 pl of DNA in water, add 1/10 volume of 3 M Na-
acetate, pH 4.8. Invert briefly to mix.

2. Add two volumes of 95% or 100% ethanol. Invert well to mix.

3. Precipitate the DNA by placing the sample in the cold. Precipitations can be done
at —20°C overnight, —70°C for 30 minutes, or on dry ice for 5 minutes.

Using dru ice for ethanol precipltatlons

Use a mallet to pound the dry ice into a _powder, and insert your tubes into the powder, or
break the dry ice into pieces, and add to a freezing-resistant dish. Add 95% ethanol to

make a slurry, and insert your tubes. The ethanol lel wipe out all markmgs except those
done Wlth a permanent sharple . ' 4

4, Centrifuge the sample at high speed (at least 12,000 rpm) for 15-30 minutes, at
40C. If you don’t have a refrigerated microfuge, place the microfuge at 4°C.

5. Decant or aspirate the supernatant. The supernatants can be discarded down the
sink.

6. Drain the tubes by inverting the tubes and leaving them upside down on a paper
towel on the bench.

7. Wash the pellet with cold 70% ethanol.
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8. Dry as described in step 6, or use a vacuum concen-
trator.

9. Resuspend the DNA in TE, pH 8.0 (10 mMm Tris-HC],
0.1 mm EDTA). If the DNA does not seem to go into
solution, add more TE. Store at 4°C.

PROTOCOL

Using a Vacuum
Concentrator (Speed Vac)

DNA 287

Caution is needed when han-
dling large-molecular-weight
DNA (over 30 kb). The
DNA should never be vor-
texed, but should be mixed by
inversion or on a wheel.
Instead of precipitating the
DNA with ethanol, traces of
chloroform — should — be
removed by dialyzing the
DNA solution against large
volumes of cold TNE or by
extraction with water-satu-
rated ether.

If traces of ethanol remain in nucleic acids after ethanol precipitation, it is difficult
to resuspend the pellets in water or buffer. If you are in a hurry, or have a large vol-
ume of volatile liquid to remove, a vacuum concentrator can be used.

A vacuum concentrator consists of a centrifuge, a pump used to create a vacuum,
a heater, and a cooling trap. Models vary, and laboratory rules on usage vary even

more.

Procedure

1. Turn the cooling trap on at least 30 minutes before you are ready to use the
concentrator. In some models, you may have to add dry ice.

2.
3.

"Turn on the vacuum pump.-

Open the vent to release the vacuum inside the
centrifuge.

Place your tubes in the centrifuge. They must be
balanced, with the tops open. Cover the tubes
with a piece of parafilm, and use a pin to poke a
couple of holes in the parafilm. Theoretically, the
tops can be left off, and the contents should be
fine, as centrifugal force should keep the contents
in the tubes. But if someone lifts the lid before the
vacuum has been fully released and causes a bit of
turbulence inside, the parafilm may help save your
material.

If someones samples are
already  spinning,  slowly
release the vacuum until the
centrifuge is at atmosphere.
Wait at least 10 seconds, a
few seconds afier you no
longer hear the hissing of the
air into the centrifuge. Then,
and only then, can you turn

off the centrifuge and load

your own tubes.
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5. Close the lid, and turn the centrifuge on.

6. Once the centrifuge has achieved full speed, open the vacuum vent to the
centrifuge.

7. Turn the heater on only if you have a lot of volume to dry, or can’t wait the
10 minutes it takes to dry DNA precipitation pellets. Oligos will require sev-
eral hours of spinning with heat.

8. 'To stop the run, release the vacuum in the centrifuge. Only then should you
turn the centrifuge off!

9. Open the centrifuge when the rotor has come to a complete stop.

10. Remove the tubes, checking by eye to be sure they are dry. Cap immediate-
ly, to prevent losing the dry pellets.

1. Turn off the vacuum pump.

12. Follow lab procedure on cleaning the trap. Some require that you clean after
every use, others that it be done once a day. If you evaporated a lot of liquid,
you should clean it right way.

PROTOCOL

Determining Nucleic Acid Concentration
and Purity by UV Spectroscopy

Turn the spectrophotometer on.

Turn on the UV lamp 20 minutes before you will take your readings. The vis-
ible light lamps can be used immediately, but the UV lamp takes a while to
become steady. The amount of warm-up time needed depends on the lamp
and the spectrophotometer.

Your sample will be DNA or RNA in water or buffer, with a blank of water
or the same buffer. The amount of nucleic acid you add will depend on the
source, so ask someone in the lab for a recommendation on the amount of
material and the dilution you need.
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4. Put the sample and the blank in a matched set of
quartz cuvettes.

5. Set the wavelength to 260 nm.

6. Blank the machine against the water (or blank

DNA 289

Only quartz cuvettes, not
glass or plastic, will allow you
to take accurate readings in
the UV range.

manually, if only one cuvette at a time can be measured).

7. Read the O.D. at 260.

8. Set the wavelength to 280. Reblank and read the O.D. at 280.

9. Calculate the concentration of the nucleic acid, using the following informa-

tion:

1 A, unit of double-stranded DNA = 50 pg (50 pg/ml has an O.D. of 1 at 260 nm)

1 A, unit of single-stranded DNA = 37 g

L A, unit of single-stranded RNA = 40 g

10. Calculate the total yield of your preparation.

1. Estimate the purity of the prep by figuring the 260/280 ratio. The ratio
between the readings at 260 nm and 280 nm gives an estimate of the purity of
the nucleic acid. Pure preparations of DNA should have a 260/280 ratio of 1.8,
RNA a ratio of 2.0. A higher ratio would suggest extraction with phenol-chloro-

form to remove protein impurities.

. the 260/280 ratio.
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Restriction Enzymes

Restriction enzymes are usually pooled for a laboratory or one or more departments.
Some enzymes are expensive and infrequently used, and single investigators can’t
afford to keep a large selection. There will be one person in charge, and most of the
dialogue will take place via sign-up and comment sheets.

®  Always bring an ice bucket, labeled tubes, a pipettor, a box of sterile tips, and a
sharps discard box (if there isn’t one near the freezer) with you when you go to the
~20°C freezer where the enzymes are kept. Don’t bring tubes with DNA to the
enzyme freezer.

Remove one enzyme only, and place it in your ice

bucket. Keep the freezer door shut: Don't stand with
your body in the door, pipeting away.

Take what you need. Use aseptic technique.
Replace the stock enzyme tube in the freezer.

Sign the sign-up sheet, or make a note of what you
used and the amount you took.

Take another enzyme, if you need one.

® Report all empty or almost empty tubes to the person
in charge. Don’t merely leave a note.

Buffers for restriction enzymes

Use tips luxuriously. Use a tip
once, and discard it immed;-
ately, so there is no chance of
inadvertently using it again.
Contamination — of  one
engyme with another is the
major worry when working
with restriction enzymes.

If you need an amount of an
enzgyme that will deplete the
stock, organize yourself to let
the charge person know at

least a few days before.

The buffer needs of most of the restriction enzymes can be met with five buffers, dif-
fering in the kind and concentration of salt used. Companies often supply the appro-
priate buffer with the enzyme, but you may not be the one who gets one of those
tubes. If there are common buffer sources for restriction enzymes in your lab, don’t
use them: You must have your own buffers, because this is another source of possible
cross-contamination. Either get hold of the manufacturer’s tubes (you can make a set
from different manufacturers) or make your own. It is easy enough.

PCR (Polymerase Chain Reaction)

PCR, an invention made by Kary Mulis at Cetus Corporation in 1985, is an in vitro
method of DNA synthesis that allows a particular segment of DNA to be copied and
amplified.
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TABLE 2. Restriction Enzyme Buffers
Buffer Label 10X Stock

Low salt buffer x10 L 100 mm Tris-HCI, pH 7.5
100 mm MgCl,
10 mM dithiothreitol
Medium salt buffer x10 M 10 mM Tris-HCI, pH 7.5
100 mm MgCl,
10 nM dithiothreitol
500 mM NaCl
High salt buffer x10 H 500 mMm Tris-HCIL, pH. 7.5
100 mm MgCl,
10 mM dithiothreitol
1000 mm NaCl
Potassium buffer (KCI) x10 K 200 mMm Tris-HCI, pH 8.5
100 nm MgCl,
10 mM dithiothreitol

1000 mm KCl
Tris acetate buffer X10T 330 mM Tris-acetate, pH. 7.9
BSA-free 100 mM Mg-acetate

5 mM dithiothreitol
660 mM K-acetate

(Reprinted, with permission, from Amersham Pharmacia Biotech, UK Limited.) Make 10X stocks of restric-
tion buffers, and freeze in 1-ml aliquots. With 1-ml stocks of 0.1% BSA and 0.1% Triton X-100, the buffer
needs of most restriction enzymes can be met.

The DNA template is first denatured by high temperature. The temperature is
lowered, and two oligonucleotide primers that flank the DNA fragment to be ampli-
fied are annealed to their complementary sequences on opposite ends of the target
sequence. With a DNA polymerase in the solution, the temperature is increased
slightly: The primers are extended and the region between the primers is synthesized.
The strands are again denatured, new primers are annealed, and DNA synthesis is
allowed to take place again ... and again and again, 20 to 50 times.

A temperature cycler, a programmable water bath, is used to achieve the rapid
changes of temperature the process requires. The DNA polymerase used is 7zg DNA
polymerase, which is derived from the thermophilic bacterium Thermus aquaticus
and can thus function at high temperature. The process is brilliantly simple, but the
problem is that any contaminating DNA can be amplified, sometimes in preference
to the desired template.

Contamination of one DNA with another is the bane of the PCR user. With
amplification possible with such minute pieces of DNA, it is horrendously easy to
find spurious bands resulting from DNAs accidentally introduced during sample
preparation.

The major source of contamination seen in PCR laboratories is the DNA
obtained as a product from previous PCR procedures, which arises from the aerosols
generated during the pipetting and manipulation of the PCR samples. Because of
this, many labs have a separate sample preparation area, physically distant from the
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Amplification of a specific sequence of DNA with PCR. After the first two or three cycles, the single-
strand overhangs are ignored and the vast majority of the product is double-stranded target sequence.
(Redrawn, with permission, from Zyskind and Bernstein 1992.)
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PCR machine and from any area in which the post-PCR tubes will be opened.
Another source of contamination of mammalian DNA is DNA from skin cells. Wear
gloves.

4 Basic PCR Rules

® Prepare samples away from the PCR machine. Most labs have a separate
sample preparation area, physically distant from the PCR machine and
from the area where tubes will be opened after PCR. Whether or not there

is an area dedicated to sample preparation,
never prepare your samples near the PCR | Briefly centrifuging the tube
machine or where further manipulation of the | 27%or to opening will reduce

sample will be done. Try to get a consensus to | %" 050ls.

establish strict rules about sample preparation.

® Keep separate pipets and other supplies for setting up PCR reactions. A
positive displacement pipettor will prevent aerosols and reduce the chance
of sample carryover. Pipettor tips with filters will also prevent carryover

from sample to sample.

Contamination  can  be

® Wear gloves and change them frequently. This removed phwsically and enzh
will help prevent contamination of the sample | it llyp (Jll)z' ejfk);lz bich 3 J
with epithelial cells from the hands. Duebsley 1995), bug it-ir Bass

to prevent it.

® Add the DNA last to all reaction tubes.

Oligonucleotides

Oligonucleotide primers are synthesized in the lab, at a departmental facility, or by a
company. It may be obtained as a crude, dried-down product, column- or HPLC-
purified. You will be given instructions on how to further purify the product, if nec-
essary, and how to store it. The more pure the product, the more expensive it will be.

There are software packages available to help in designing oligos. You can sit
down with a pen and paper and do it, but a computer program can really help in
designing the best primers and giving the optimum annealing temperature.
Companies that supply oligos can help you with analysis. You could go on line, and
use one of the programs available on the WWW (see Resources), or ask for a program
recommendation from a newsgroup or another investigator.
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PROTOCOL

Ethanol Precipitation of
Oligonucleotides

1. Add 1/10 volume of 3 M NaOAc, pH 6.5, and three volumes of cold 95%

ethanol.

2. Place at —70°C for at least 1 hour.

INTRODUCING DNA INTO CELLS AND

MICROORGANISMS

After isolation, DNA is not only isolated and analyzed, but is often introduced into
cells and microorganisms with the intention of altering the genotype of the recipient
or harvesting quantities of the donated DNA or its translated protein,

Prokaryotic Cells

Transformation is the genetic change in a bacterium after exposure to and recombi-
nation with an isolated DNA. This is routinely done in order to amplify cloned
DNA. Another common reason is to obtain quantities of a particular protein: The

bacteria are transformed with DNA contained in an
expression vector, and will pump out large amounts of the
protein coded for by the DNA.

There are two main methods of bacterial transforma-
tion:

® [Incubation with high concentrations of Ca™ ions,
which causes the bacterial plasma membrane to admit
foreign DNA. This is simple and takes a few minutes
at the bench.

®  Electroporation. Higher efficiencies of transformation
are possible with electroporation. The conditions for
maximum electroporation are different for different
species and even different strains.

With either method, the bac-
teria must first be rendered
competent; that is, able to
take up DNA. The bacteria
must be grown to a particu-
lar density, harvested, and
washed with salts: Com-
petent cells can  then be
aliquoted and frozen. There
are slight variations between
the methods for producing
chemically competent versus
electroporation-competent
bacteria. Competent cells are
available commercially.

P ]



Introducing DNA into Cells and Microorganisms

Eukaryotic Cells

There are several methods of gene transfer for eukaryotic
cells, and the success of a particular method is very species-
and strain-specific. The process is termed transfection, a
hybrid of transformation and infection: Virally mediated
gene transfer is also called infection.

In a stable transfection the cells which have taken up
the DNA are selected by expression of a reporter gene.
(Traditionally, this is antibiotic resistance to hygromycin
or neomycin: There are many alternatives, such as FACS
selection of cells expressing Green Fluorescent Protein
[GFP].) Cell lines can be made from individual clones of
expressing cells. Transient transfections are more likely to
be done to gather immediate information about the effect
of the DNA on the cell. In general, transient transfections
are of limited use since variable numbers of cells contain
the gene of interest (the precise number is governed by the
transfection efficiency), and the cells that do contain the
appropriate DNA have variable copy numbers. In addi-
tion, results can be difficult to interpret since the recent
transfection is extremely traumatic, and this damage is
hard to control for. Analysis of transient transfectants can
be of use in defining an early, preliminary sense of the phe-
notype that can be expected in the stable transfectants.

Transfection of eukaryotic cells is done in many
ways, including;

® Calcium phosphate coprecipitation.

® DEAE-dextran-mediated transfection.
® Lipid-mediated transfection.

® Electroporation.

® Microinjection.

@

Virally mediated transfer. Adenovirus, retrovirus, and
SV-40 can be used to introduce DNA into cells.
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Reporter genes are genes used
to locate, identify, or analyze
another gene. They may be
coupled to the upstream
sequence of another gene and
transfected into cells to study
the regulation potential of the
potential upstream sequence:
This is the more stringent
definition of a reporter gene.
The CAT gene, coding for
chloramphenicol acetyltrans-
[ferase, is the classic gene used
to evaluate gene regulation in
eukaryotic cells. More loosely,
reporter genes may be trans-
ferred into cells or bacteria
Just to monitor whether or
not the foreign DNA is being
expressed: antibiotic resis-
tance genes are an example.

Other reporter genes are
B-galactosidase, B-glucuroni-
dase, and alkaline phospha-
tase (if the enzyme is present
and interacts with the sub-
strate, a colored or fluorescent
product results). GFE  an
autofluorescent protein from
the jellyfish Aequorea victo-
ria, is becoming the reporter
gene of choice, since it
requires no dactivation or
engymatic activity to be visu-
alized.

Since the efficiency of DNA transfer is so dependent on the cell type, you must
investigate the transfection protocols used for your cells before you waste a lot of
time. Check the literature, go on line, and make phone calls to ask about protocols.
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Recommendation: Make sure you have access to an electroporator. You will be
able to transform bacteria, yeast, mammalian cells, and many exotic cell types. Some
older models lack the capacity to electroporate mammalian cells, but an attachment
that allows this can be purchased.

The vector is of critical importance in determining the outcome of the transfor-
mation or transfection. In choice of vector, you will have a great deal of help.
Companies such as Invitrogen or Promega offer vectors with inducible promoters,
reporter genes, the ability to be propagated both in cukaryotes and in bacteria, and
technical help.

RNA

RNA degradation was such a serious problem that, for years, people would avoid
all RNA work like the plague. But a few rules, similar to those of aseptic technique,
keep everything running smoothly.

4 Basic rules

® Autoclave all plasticware and glassware that will touch anything that will
touch the RNA.

® DEPC (diethylepyrocarbonate)-treat all water that will be used to make
DNA buffers. Add DEPC to final 0.1%, leave overnight at room temper-
ature, and autoclave for 15 minutes. Don’t use DEPC for Tris buffers, as
the DEPC will decompose into ethanol and carbon dioxide.

® Avoid alkaline buffers, as the hydroxy group in RNA makes the molecule
very sensitive to alkali.

® Keep RNA buffers separate from other buffers, so they won't be acciden-
tally used and contaminated with RNases.

RNA Isolation

Reagents such as guanidine hydrochloride or guanidinium isothiocyanate act as
chaotropic agents and maintain the integrity of RNA. For RNA isolation, it makes
sense to use a kit or prepared reagent. Many companies now offer an RNA-isolation
reagent that allows the simultaneous isolation of DNA, RNA, and protein from cells
or tissue samples. Even if you only need the RNA, these reagents are a worry-free way
to work with RNA.

oy
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PROTOCOL
Ethanol Precipitation of RNA

Usually, RNA can be precipitated as can DNA.

Procedure
1. Add 1/10 volume of 1 M NaOAc, pH 4.8, and 2.5 volumes of cold 95% ethanol.

2. Precipitate overnight at —20°C.
3. Wash the pellet with 70% ethanol.

Note: When you are working with small amounts of RNA (under 5 pg), add a
carrier or coprecipitant to the RNA before precipitation. This material will precipi-
tate with the RNA and give you a visible pellet that is much easier to work with. Two
common carriers are molecular-biology-quality glycogen and yeast RNA.

PROTOCOL
Selective RNA Precipitation

This protocol has been adapted, with permission, from Epicentre Forum 1996, p. 10,
Epicentre Technologies, Madison, Wisconsin. If you have a DNA-RNA mix (for
example, after in vitro transcription reactions), you can precipitate just the RNA with
ammonium acetate as the salt.

Procedure

Add 5 M ammonium acetate to the RNA to a final concentration of 2.5 M.

=

Chill the mixture on ice for 15 minutes.
Centrifuge in a microfuge at high speed for 15 minutes at 4°C.

Remove the supernatant and wash the pellet with 70% ethanol.

o & N

Resuspend the RNA pellet in the desired volume of RNase-free water or buffer.
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Note: Since ammonium acetate decomposes by loss of ammonia (and base is
harmful to RNA), solutions should be prepared only from the pure salt which has
been kept cool in a closed container. Sterilize the solution by filtration and store it at

4oC.

MRNA Isolation

mRNA is a small (generally 5-10%) proportion of the total RNA in a cell, the bulk
of which is ribosomal RNA. Eukaryotic mRNA isolation methods take advantage of
the polyadenylated tail present only on most of the mRNAs (there are a few mRNAs
without poly(A) tails). Poly(A) RNA will bind to a resin made of oligo(dT)—cellu-
lose will bind the mRNA under high salt conditions, and will be eluted with a low
salt wash. This can be done in batch or in small columns. Some mRNA isolation kits
allow the direct isolation of mRNA from cells.

Determining RNA Concentration

RNA concentration and purity can be determined by UV spectroscopy, as described
for DNA. There are two differences:

® One A, unit of RNA is 40 pg. The RNA concentration (Mg/ml) =

o (40 pg of RNA/ml)
(OD,,) X (dilution factor) X T

260 unit

® Sample volume is usually kept as low as possible, to limit the use of the RNA to
measure O.D. You can buy and use mini UV cuvettes, or determine the mini-
mum volume your UV cuvettes can hold and give accurate readings.

PROTEIN

Degradation is the fear permutating protein work.
4 Basic rules

® Jce, ice, ice. Always have a bucket of ice handy when you are doing any pro-
tein work, and put tubes on ice immediately when removing them from
freezers, centrifuges, etc.

| & &
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® Spin cold, unless otherwise noted. Centrifuges can get quite warm.

® Know your protein. The properties of individual proteins vary greatly. Is it
denatured by heat? Does it have disulfide bonds? Can it be repeatedly
frozen and thawed? If you don’t know, assume that it cannot be frozen and
thawed, and that it can be heat-denatured.

® During and after cell lysis, include the appropriate protease inhibitors in all

buffers.

Isolation

The ease of producing large amounts of protein with a bacterial or baculoviral expres-
sion system is not always accompanied by ease in isolating your protein. Despite the
tricks for binding expressed fusion proteins, the characteristics of the particular puri-
fied protein can alter the way the system should work. Before you scale-up produc-
tion, be sure you can isolate the protein effectively.

There are a lot of tricks to protein isolation. Although DNA, and even RNA,
work can pretty much be done by following a manual, protein work is more compli-
cated: Fach protein has its own profile and personality. Seek help from someone in a
protein lab.

Chromatography

Proteins, as well as DNA and RNA, are routinely separated and isolated by chro-
matography. This need not conjure up images of huge columns in the cold room or
HPLC machines, as chromatography can as well be performed in a microfuge tube.
The main kinds of chromatography done are gel filtration, ion exchange, and affini-
ty chromatography.

®  Gel filtration: The separation of compounds on the basis of molecular size.

How it works: The stationary phase contains pores, which trap only smaller
molecules.

Example of materials: Sephadex (cross-linked dextran), Sephacryl (cross-
linked copolymer of allyl dextran and NN,N'-methylenebis(acrylamide),
Sepharose (beaded agarose).

Example of use: Removal of unincorporated nucleotides from a nick transla-
tion reaction on a G-50 (a kind of Sephadex) column.
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® Ion exchange: The separation of compounds on the basis of charge.

How it works: Association of the protein or other material with the charged
groups of a solid support, followed by elution with an aqueous buffer of high-
er ionic strength. Column material can be anionic, cationic, or mixed bed

(both).

Example of materials: DEAE (Diethylaminoethyl) cellulose, amberlite,

Dowex, CM-Sepharose.

Example of use: Isolation of DNA from a gel by electophoresis onto DEAE

paper.

® Affinity chromatography: The separation of com-
pounds on the basis of natural binding site.

How it works: The molecule to be purified is
specifically and reversibly adsorbed by a ligand
immobilized on an insoluble support.

Example of materials: Oligo(dT) cellulose, biotin,
heparin.

Many chromatography mate-
rials need to be soaked and
swollen before use, or they
wont work effectively. Some
materials require an over-
night incubation in buffer.

Example of use: The binding of antibodies to Protein A.

Dialysis

Dialysis is done to remove salts or other impurities from a sample. The sample is
placed in a porous tubing: The size of the pores in the tubes will permit only mole-
cules of sizes smaller than the pores to exit. The material in the dialysis bag is placed
in a large volume of water or buffer, allowing the outward passage of contaminants
and the eventual replacement of the buffer contents of the tubing by the dialysis

buffer.

PROTOCOL
Preparing the Tubing

The tubing must be cleaned and prepared before use.
Wear gloves for all manipulations.

Prepared dialysis tubing is a
good item to share, as few sin-
gle investigators can use it up
before it should be discarded.
Make an arrangement with
other lab members to do this.
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1. Choose tubing of the appropriate MW cutoff.

2. Prepare the dialysis tubing. This can be done to a package, and the prepared tub-
ing can be stored at 4°C.

3. Place the tubing in a large volume (a liter for a full package) of 5 mm EDTA, 200

mM sodium bicarbonate in a flask.

Sweno 0 dseel

4. Boil for 5 minutes.

5. Pour off the bicarb/EDTA, rinse the tubing briefly with deionized water, add
another large volume of bicarb/EDTA, and boil again for 5 minutes.

6. Discard the second wash. Rinse the tubing well with deionized water.

7. Add a large volume of deionized water, and cover the flask with aluminum foil.

8. Autoclave for 10 minutes on the liquid cycle (slow exhaust).

9. Store at 4°C in a sterile container with an opening . ' T
large enough to permit easy removal and replacement ioa’z um /azm’e Z/l l ZW/Z n Zlbl, 4
of the tubing. If the tubing will be stored for longer | #“#7at growth. Weigh it

. . out very carefully, as it blocks
than a few days, add sodium azide to a final 0.02% to 5 5 /
0 1 tubin the cytochrome electron trans-
the water and tubing, port system. Be aware that it
can also inhibit some enzy-
matic reactions. Keep a small
volume in the refrigerator of
filter-sterilized 2% azide in
water, and add 1 |\ for every
100 W1 of solution.
PROTOCOL

Setting up Dialysis

1. Cut a piece of tubing large enough to contain the material you want to dialyze.
Allow approximately 2 inches at each end (4 inches in total) for tying off the tub-
ing. (Special chambers can be purchased for “micro” dialysis.)
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2. Either knot one end of the tubing, or use a dialysis clamp to close one end. E

3. Open the other end with a gloved finger, and keep one finger in the tubing. Pipet
or pour the material into the tubing carefully.

4. Tie off or clamp the other end. Remove air bubbles by pushing them before you
clamp. Check for leaks, especially at the ends.

5. Place the filled tubing in as large a beaker or Erlenmeyer as you can find: 2—4 liters .
is a good size.

6. Add astir bar and place on a magnetic stirrer, usually in a cold room. If the tub- EJ
ing sinks to the bottom of the container, and that worries you, tie the tubing on
one end with string, hang it from the container, and attach it to a weight. You

could also allow an excess of dialysis tubing at one end, which can be taped to the E’n
outside top edge of the beaker, with the filled tubing left suspended in the beaker.
But unless the dialysis tubing is very turgid and immobilized on the bottom of E{

the container, a gently turning stir bar will not break it.

7. Usually, dialysis is performed overnight. Change the buffer once if you have a 24 EJI

liter container, more often for smaller containers.

FIGURE 4.

Dialyze your material against as large a volume as is practical.

Cell Lysis

When isolating a protein, the cell or bacteria containing the protein must first be

lysed.

" o

4 Physical lysis. This can be done physically, with machines of various dis-
ruptive potentials. For example:

e T
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Nitrogen cavitation bomb. Nitrogen decompression is one of the gentler
ways to open up eukaryotic cells. Nitrogen under pressure is allowed to
equilibrate within cells. When the pressure is released, the nitrogen comes
out of solution and the popping bubbles break the individual cell’s mem-
brane. No further disruption of the cell occurs, and organelles can be pre-
served intact. In addition, the reducing atmosphere and cool temperature
provided by the nitrogen protect the proteins from degradation.

Homogenizer. Basically a blender, subjecting the cells to shearing forces.
Not suitable for bacteria, unless glass beads are added.

Ultrasonic processer (sonicator). Sonic pressure waves create microbubbles,
which can not only break open cells, but can shear DNA. Glass beads can
be added to disrupt bacteria.

Freeze press. In the freeze press, frozen cells are forced through a narrow ori-
fice, causing shear stress and explosive decompression powerful enough to

break open tough cell walls.

® Bead mill homogenizer. Bacteria, spores, or
yeast, usually, are vigorously vortexed in a tube
containing glass or zirconium beads. The move-
ment against, and bombardment of, the cells by
the beads breaks even tough cells open within
minutes.

Cell lysis is relatively easy for
eukaryotic cells, compared
with yeast, bacteria, spores,
and plant cells, with tough
cell walls, and is wsually
accomplished by detergent
lysis, nitrogen decompression,
or homogenization.

Detergent. Detergents are sufficient to lyse many eukaryotic cells. The
detergent used is dependent on the application for the lysed cells. Check the
source of the detergent carefully, because the quality and purity of the deter-
gent have a big effect on the success of protein isolation.

® Examples of anionic detergents are the salts of cholic acid, caprylic acid,
sodium dodecyl sulfate (SDS), and deoxycholic acid.

® Examples of cationic detergents are cetylpyridinium and benzalkonium

chloride.

® Examples of zwitterionic detergents are CHAPS and phosphatidylcholine.
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® Examples of nonionic detergents are digitonin, Tween-20 (polyoxyethyl-
enesorbitan, monolaurate), and Triton X-100.

Nonionic detergents are much milder, and don’t perturb the nuclear membrane:
They are often used to lyse cells prior to immunoprecipitations. A 0.1% Triton X-100
solution in water works to lyse most mammalian cells, and up to 0.5% will not harm
most enzymes being isolated. Many enzymes, such as Proteinase K, remain active in
the presence of Triton X-100.

4 Protease inhibitors. When a cell is lysed and
the contents released, proteases and other degrada-
tive enzymes are released as well. Unless proteases
are included in the lysis buffer, the cell’s own pro-
teases will break down the cellular proteins.

Other inbibitors, specific to
the protein you are studying,
may also be used. For exam-
ple, sodium vanadate, an
inhibitor of protein phos-
phatases, is added to lysis
buffers when a phosphorylat-

ed protein is being isolated.

TABLE 3. Protease Inhibitors

Protease Effective Stock
Inhibitor target concentrations solution Comments
Aprotinin Serine proteases 0.1-2 pg/ml 10 mg/ml in PBS Avoid repeated freezing
EDTA Metalloproteases ~ 0.5-2 mM 500 mM in H,O,
pH 8.0
Leupeptin Serine and 0.5-2 ug/ml 10 mg/ml in H,O

thiolproteases

o-Macroglobulin ~ Broad spectrum 1 unit/ml 100 units/ml in PBS  Avoid reducing agents

Pepstatin Acid proteases 1 pg/ml 1 mg/ml in methanol

PMSF Serine proteases 20-100 pg/ml 10 mg/ml in iso- Add fresh at each step
propanol

TLCK Trypsin 50 pg/ml 1 mg/mlin 50 mM  Chymotrypsin
acetate, pH 5.0 unaffected

TPCK Chymotrypsin 100 pg/ml 3 mg/ml in ethanol ~ Trypsin unaffected

Derived from Boehringer Mannheim Biochemicals (1987). (Reprinted, with permission, from Harlow and
Lane 1988.)

Determining Protein Concentration

Which to choose

The most common methods of protein determination are the Bradford, BCA, and
absorbance at 280 nm. Labs tend to be dedicated to a particular assay: Try the lab
assay first, before you order new reagents. The Bradford is the best all-purpose assay
to use.

-
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You cannot directly compare the results of one assay method with another. You
must get used to working with the relative concentrations determined by one
method. For example, BSA gives a value about twofold higher than its weight for
the Bradford assay.

The nature of your protein sample will also suggest which assay to use. If you
know you have a purified protein without tryptophan, you shouldn’t rely on
absorption at 280 nm. And if you must have detergent in the protein sample, you
must choose a method that is not particularly detergent sensitive, or you must
remove the detergent (see below).

For all methods you must run your unknown samples against a standard curve,
every time you perform the assay. Any purified protein can be chosen as a refer-
ence standard, if only relative protein concentrations are desired. Bovine serum
albumin (BSA) and IgG are commonly used: Use BSA unless you are measuring
antibodies.

4 BCA

How it works. Copper sulfate, added to an alkaline solution of BCA (bicin-
chonic acid), gives an apple-green colored complex. When this solution is
added to a protein solution, the Cu** ions are converted to Cu* by interac-
tion with the peptide bonds of the protein, changing the color of the com-
plex to purple with an absorbance maximum of 562 nm. Pierce makes a
BCA assay reagent.

Advantages. Fast, sensitive, accurate.

Disadvantages. Subject to interference by agents such as detergents and
organic solvents. Time dependent, color develops for 24 hours.

é Bradford

How it works. Utilizes the dye Coomassie blue G-250, which is red-brown
at a pH below 1 but turns blue when binding to protein causes a shift in the
pKa of the bound dye. Blue color is measured at 595 nm. The Bradford
reagent is available from Bio-Rad.

Advantages. Fast, sensitive, accurate. Not time dependent.

Disadvantages. Detergent concentrations over 0.2% interfere with the
assay.

4 Absorption at 280 nm
How it works. The aromatic amino acids, especially tryptophan, absorb
strongly around 280 nm. All proteins that contain aromatic residues (or UV
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absorbing cofactors) have a unique extinction coefficient at 280 nm.
Advantages. Speed. Sample is not destroyed.
Disadvantages. Not as accurate as other methods.

é Biuret

How it works. Measures the peptide bonds. O.D. read at 540 nm.

Advantages. Rapid. Good for monitoring protein separation, since salt
interferes less than with the Bradford.

Disadvantages. Not very accurate for low protein concentrations.

é Lowry (Folin-Ciocalteu)

How it works. Similar to BCA. O.D. read at 750 nm.

Advantages. Need very little material. Bio-Rad’s detergent-compatible
assay is based on the Lowry.

Disadvantages. Depends on the presence of tyrosine in the protein.

Detergent in the samples?

Detergents are a part of life with proteins, since they are used to lyse cells and to dena-
ture proteins. But they can interfere with determination of protein levels and with
protein function.

To determine the protein level in a sample containing detergents, you have two
options:
® Include the same percentage detergent in the standard curve. This is a neces-
sity, and you may be lucky—you may get an accurate determination. More
likely, however, the addition of detergent severely reduces the linear readings
of your standards: You may be able to dilute samples (and hence, the deter-

- gent level) to be in the linear range, but this is not possible for low protein
levels.

Use a protein assay that is compatible with detergents. Several companies
have reagents that can be used for samples with or without detergents. For
example, the usual Bio-Rad protein assay is based on the Bradford, but does
not accommodate detergent in the samples. However, the Bio-Rad DC
Protein assay, based on the old Lowry, is compatible with both ionic and non-
ionic detergents.
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If you are isolating a protein, you probably will have to remove the detergent. The
method of detergent removal will depend on the detergent, the protein, and the
buffer. Generally, detergents with a high critical micelle concentration (CMC) are
easy to remove by dilution, and those with low CMC can be removed on the basis of
molecular weights. You will need to seek advice for your particular situation:
Especially if you have a hard-to-get protein, this is not the time to experiment. The
wrong temperature or salt concentration can very quickly turn your precious solution
into crystals or mud.

e
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4 Possibilities for detergent removal (adapted from Harlow and Lane
1988, p. 688)

1. Ionic detergents

L

® Use gel filtration on a G25 column. For some proteins, equilibrate col-
umn in another detergent below its CMC.

® Add urea to 8 M, then bind detergent to an ion-exchange column.
Protein flows in 8 M urea: Dialyze to remove urea.

T TR ¢

® For ionic detergents with a relatively low micelle size and high CMC:
Dilute as much as possible and dialyze. Add mixed bed resin to
dialysate to increase the exchange rate.

L ERT 1]

| 2. Nonionic detergents

® Use gel filtration on a G200 column. For some proteins, equilibrate
column in another detergent below the CMC.

® Dilute if possible, dialyze extensively against DOC, then slowly
remove DOC by dialysis.

® Use velocity sedimentation into sucrose without detergent.

C U U '

® Bind protein to affinity matrix or ion-exchange column, wash exten-
sively to remove detergent, then elute protein. For some proteins,
equilibrate column in another detergent below the CMC.

. Amphoteric (Zwitterionic) detergents.

¢ Dilute if possible, dialyze.

AN WU oW
W
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Antibodies

Antibodies are proteins secreted by lymphocytes and directed against foreign mole-
cules. They are an important component of the immune system, and a vital tool of
the lab.

Polyclonal antibodies are raised against an antigen in vivo by injection of an ani-
mal with the antigen. Polyclonal antibodies are a heterogeneous mixture of
immunoglobulins of various affinities directed against different epitopes of the same
protein.

Monoclonal antibodies are made in vitro, the product of a cell fusion between an
immortalized myeloma cell and an antibody-secreting plasma cell. The entire culture
will produce just one antibody, of one class (usually IgG), directed against one epi-
tope.

4 Obtaining antibodies

® Antibodies can be obtained commercially or from other investigators, or
you can make them yourself. See Chapter 9 for suggestions on sources of
antibodies which can be obtained from many of the same places as cells.
The WWW site, The Antibody Resource Page, contains links to many
antibody sources.

® Polyclonal antibodies are relatively straightforward to make. If you will
require a regular supply of a polyclonal antibody, you should make (or
have made) antibody. Don’t attempt to make monoclonal antibodies
unless you are in a lab or department in which this is done routinely.

Be considerate when you ask other investigators for polyclonal antibodies.
Unlike monoclonals, they are in limited supply. If your experiment is suc-

cessful and you will need more antibody, you must make or buy your own.

é Uses. Antibodies can be labeled with a radioactive or enzymatic tag, allow-
ing the protein they are recognizing to be visualized and quantitated.

® Cell staining. Labeled antibody can be used to localize cell proteins.

® Immunoassays. The antibody is a reagent used to test the function or pres-
ence of an antigen.

® Immunoblots. Also known as Western blots. The presence and amount of
a protein can be detected on a sample immobilized on a filter.
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® Immunoaffinity. The protein against which the antibody is directed can be
2y, p g ¥

isolated and purified.

TABLE 4. Immunochemical Techniques, Polyclonal versus Monoclonal Antibodies

Polyclonal Monoclonal Pooled monoclonal

Technique antibodies antibodies antibodies
Cell staining Usually good Antibody dependent Excellent
Immunoprecipitation Usually good Antibody dependent Excellent
Immunoblots Usually good Antibody dependent Excellent
Immunoaffinity

purification Poor Antibody dependent Poor
Immunoassays

labeled antibody Difficult Good Excellent

labeled antigen Usually good Antibody dependent Excellent

(Reprinted, with permission, from Harlow and Lane 1988.)

3

Storage

® Antibodies are best stored at —20°C, in aliquots: freeze-thawing is not

good for most antibodies.

® A working aliquot can be stored at 4°C for at least 6 months.

® Sodium azide can be added to a final volume of 0.02% to inhibit bacteri-

al growth.

Tips

LR

(§ ¥

Know the animal from which your antibody has been derived, as this will
determine the secondary antibody used in some assays. Polyclonals are
usually from rabbit or donkey: Monoclonals are usually from mouse, rat,
or hamster.

Quickly spin your antibody in a microfuge before use to remove any pre-
cipitated material. This can prevent high background in a variety of assays.

® Protein A, a 42-kD polypeptide isolated from the cell wall of S. zureus, and
Protein G, a 30-35-kD polypeptide isolated from some -hemolytic strep-
tococci, bind strongly to antibodies, and are useful tools to immunopre-
cipitate or localize antibodies. Protein A and G can be bound to beads, or
labeled, and are good for most (not all) subclasses of antibodies.
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RESOURCES

Antibody Resource Page.
http://www.antibodyresource.com

Ausubel EM., Brent R., Kingston R.E., Moore D.D., Seidman J.G., Smith J.A., and Struhl
K., eds. 1991. Current protocols in molecular biology. John Wiley and Sons, New York.
Updated protocols are sent regularly.

BioGuide-PCR
J. Weizmann Institute of Science, Genome and Bioinformatics
htep://bioinformatics.weizmann.ac.il/mb/bioguide/pcr/contents.html
Lists of programs for designing PCR primers.

Cell and Molecular Biology Online.
hetp://www.tiac.net/users/pmgannon/faq.html#technique
Recommended for its many links to protocol and reagent sources.

Clark D.P. and Russell L.D. 1997. Molecular biology made simple and fun. Cache River Press,
Vienna, Illinois.

Comprehensive Protocol Collection. 1997.
Ambros Lab, Dartmouth College .
hetp:/fwww.dartmouth.edu/artsci/bio/ambros/protocols.html

Dieffenbach C.W. and Dveksler G.S., eds. 1995. PCR primer: A laboratory manual. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York.

Epicentre Technologies, Inc. Madison, Wisconsin.
http:/[www.epicentre.com/f3_3/f3_3rna.htm

Harlow E. and Lane D. 1988. Antibodies: A laboratory manual. Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York.

Hengen PN. 1997. Methods and Reagents FAQ list.
http://www-1mmb.ncifcrf.gov/ - pnh? FAQlist. html#section39

Hopkins T.R. 1991. Physical and chemical cell disruption for the recovery of intracellular
proteins. In Purification and analysis of recombinant proteins, chap. 3 (ed. Seeetharam R.
and Sharma S.K.). Marcel Dekker, New York.

Molecular Biology Methods and Reagents NewsGroup
http://www.bio.net and go to bionet.molbio.methds.reagents

Molecular Biology Protocols.
htep:/www.nwisc.noaa.gov/protocols/oligoTMcalc.html
Determine the T, MW of oligos.

Molecular Biology Protocols on the World Wide Web. 1996-1997.
htep:/www.horizonpress.com/gateway/protocols.html
A collection of protocols from different investigators and laboratories.

Pedro’s BioMolecular Research Tools
htep:/fwww.public.iastate.edu/ ~pedro/research_tools.html
Links to Journals, GenBank, other databases.

Protocols, Melbourne Signal Transduction Group. 1995.
http://biotech.bio.ted.ie/paulb/protocol/index.html

Ramachandra S. 1990. Using the HETO Vacuum Concentrator.
heep://hdklab.wustl.edu/lab_manual/12/12_13.heml
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Resources 311

Recombinant DNA Technology Course, Computational Biology Centers, University of
Minnesota, copyright 1994-1997.

http://lenti.med.umn.edu/recombinant_dna/ recombinant_flowchart.html
Technical Tips Online. Elsevier Trends Journals.

http://tto.trends.com/
Zyskind J.W. and Bernstein S.I. 1992. Recombinant DNA laboratory manual, revised edition.

Academic Press, San Diego.





