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Introduction

Properties of  BIOGNOSTIK ANTISENSE

The effectiveness and selectivity of antisense oligonucleotides critically depends
on the recognition of suitable target sites within a messenger RNA.

BIOGNOSTIK has pioneered the rational design of antisense molecules. Our unique
selection process comprises several computer aided steps and selection by
renowned antisense experts. The software has been developed by BIOGNOSTIK
and is always adapted to the latest findings in antisense research.

Our oligos are optimized for best selective binding to the target mRNA, while
non-selective binding to other mRNAs and non-specific binding to proteins are
minimized. Also important toxic sequence motifs and palindromic structures are
excluded. All genuine ANTISENSE oligos have been designed using this process.

In addition to proper sequence design, vigorous purification is of great importance.
For oligonucleotide preparations used in cell culture and in vivo, HPLC
purification is not enough. Even trace contamination with some synthesis
by-products can cause pronounced nonspecific side effects.

Thus all genuine ANTISENSE oligonucleotides are most carefully thioated
and purified by a proprietary 6-step procedure, including 2 HPLC steps, cross-
flow dialysis and ultrafiltration.

ANTISENSE Kits

BIOGNOSTIK´s ANTISENSE Kits give an introduction to the antisense
technique and provide a specific tool for investigational studies of gene
function in cultured cells. This manual begins with `Material and Methods´ to
get you started quickly.

In a first step cellular uptake is monitored with FITC-labelled control
oligonucleotides (Section A).

In a second step the translation of the targeted protein shall be inhibited specifically.
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Please photocopy  (magnified) and use for each experiment

Checklist / Protocol

Scientist: Date:

Title of experiment: Experiment #:

Goal:

Cell Name / Type / Origin:

Last Check for Mycoplasma:

Cells per well: adherent / non-adherent

Type of culture plate:

Medium (name / volume per well / supplements / % FCS):

Characteristics of targeted protein (expression level, half life, stimulated by, etc.)

Stimulation of cells by:

Addition of oligos (concentration, time points)

Cationic lipids used: yes / no  (concentration, period of incubation)

Duration of experiment:

Examination of cells by (e.g. Western Blot, ELISA, FACS, Cell Count, Thymidine Incorporation,
Microscopy, Immunoprecipitation):

Results (ANTISENSE, CONTROL, FITC-CONTROL)

Changes for next experiment (duration, concentration, enhancers for uptake, cell type, etc.):
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For transcription factors, a large number of receptors, oncogenes, growth factors
and many proteins involved in signal transduction pathways it is possible to monitor
the antisense effect by growth assays (Section B). In Section C assays for the
evaluation of the antisense effect are described, while Section D gives exemplary
protocols for in vivo applications. Since ANTISENSE Kits are available for a
large variety of target genes, this manual cannot provide protocols for each possible
specific functional test. Still, principles of ANTISENSE application are the same
as described in this manual for any other experiment with ANTISENSE
oligonucleotides in cell culture. It is therefore recommended to read protocols of
this manual carefully prior to designing your own experiments.

For in depth background information and special protocols please refer to the
ANTISENSE Lab-Manual and Textbook which is available also at
BIOGNOSTIK (order # 91117-80-0001). You will find more than 70 detailed
step-by-step protocols of antisense experiments and in depth background
information. The book has been written by the most renowned experts in the
antisense area. For more literature about the antisense technique see Appendix F.
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 State Your Cells Should be at :

- Low number of passages
- Regularly fed and plated in the log-phase
- Checked for mycoplasma infection
- Well characterized and routinely grown in your lab
- Easily transferable from flasks to cell-culture plates. Find out optimal cell

density to be plated and best growth conditions prior to starting these
experiments

Section A. Fluorescence-Oligonucleotide Uptake in vitro

Adherent Cells

In this experiment the time schedule is reversed since all additions of the oligos
are performed on the same cell culture slide. Time points are the span between
the addition of the oligo and termination of the incubation. We recommend to
work with the following time points: 48 h, 24 h, 8 h, 4 h, 2 h, 1 h (see fig. 1).

fig. 1: Time points can be written on the opaque strip of the glass slide

5

Material and Methods

List of Contents (ANTISENSE Kits)

- ANTISENSE phosphorothioate oligonucleotides
- Control =  randomized phosphorothioate oligonucleotides
- FITC-Control fluorescein-labelled randomized phosphorothioate oligo
- 1x Dilution Buffer
- Cell culture chamber slides, (sterile, 2 units)

Items not Provided in the Kit

- Paraformaldehyde
- Graded series of ethanol 70-100%
- 96-well or 48-well cell culture-plates

Lab Equipment Required

- Standard cell culture equipment
- Fluorescence microscope
- Hemocytometer (e.g. Neubauer´s cell counter)

How to Get Started

- ANTISENSE, CONTROL and FITC-CONTROL are shipped as lyophilized
DNA-Na salt.

- The pellet may stick to the cap of the tube. Thus give it a short spin in a
microcentrifuge prior to opening.

- To make a 100 µM oligonucleotide solution add: 100 µl 1x Dilutionbuffer
per 10 nmol of oligo

- Vortex briefly, spin in a microcentrifuge for 10 seconds.
- Oligos are ready-to-use; store at -20°C.
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- Pipette minimal medium into each ring to wash off unincorporated oligo
(1 min).

fig. 3: Add liquid gently in the rings

- Drain liquid and replace by 4% paraformaldehyde/minimal medium to fix
cells (5 min); (For preparation of fixative see appendix E).

- Alternatively fix cells according to your lab protocols.
- Drain liquid and replace with minimal medium to wash cells (2x 2 min).
- Drain and subsequently dehydrate in a graded series of alcohol 70%-100%
  (1 min each).
- Allow to air-dry completely.
- Carefully peel off silicone rings:

fig. 4: Peel off silicone rings with forceps

- Store dessicated in a light-tight box. Correctly stored fluorescence will not
fade for approx. 2-3 weeks. Still take photographs as soon as possible.

- For long-term storage embed slide with special medium. Due to organic
solvents most media reduce the specific signal. Please test in advance.

- To examine cells under the microscope add a few drops of immersion oil. The
oil is designed to reduce fading by the light source. Still we recommend to
reduce inspection of the slice to a minimum of time.

- Photographs should be taken with a color slide film with a sensitivity of
400 ASA. Lower sensitivity will prolong exposure causing avoidable fading!
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Day 1
- If necessary pretreat cell culture slide for better adhesion of the cells

(e.g. with poly-L-lysine).
- Prewash wells with 200 µl sterile minimal medium to minimize electrostatic

disturbance.
- Plate 2,000-3,000 cells in 150 µl of (serum-) supplemented medium optimized

for cell growth.
- Allow cells to sit for at least 1 h without any further manipulation for adhesion

to occur.
- Dilute FITC-CONTROL as described in „How to get started“ to make a

100 µM stock.
- Add 3 µl of FITC-CONTROL directly into the “48 h-well“ to make a 2 µM

solution, mix gently with a 100 µl pipette adjusted to 40 µl.

Day 2
- Add FITC-CONTROL to the “24 h-well“.

Day 3
- Add FITC-CONTROL for time point 8 h. Add oligos for the other time points

accordingly.
- 1 h after addition of the oligo to the “1 h well” process slide as follows:
- Take off wells without removing the silicon rings:

fig. 2: Lift the wells off the glass slide
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- Dehydrate in a graded series of ethanol (70% -> 100%). Do not submerge
slide. Apply fluid with a pipette (see fig 3 on page 7).

- Let air-dry.
- Store dessicated in a light-tight box.
- For film exposure see above.

Section B. Cellular Growth Assays

Rationale

Cell counting is a reliable direct indicator of the proliferative activity. In contrast
to indirect assays it rarely produces artifacts. Thus we recommend to focus on
this method first.
In a second step a 3H-thymidine incorporation assay may provide additional
valuable data. The 3H-thymidine assay measures DNA synthesis as an indirect
indicator of cell proliferation. While results are more rapidly obtained as compared
to cell counting, false positive or false negative results may occur in many cell
types  (e.g. incorporation of the radioactive label in stationary cells undergoing
the S-phase without further division). Results of 3H-thymidine incorporation assay
must be interpreted with caution.

Protocol B1. Cell Counting

General Conditions, Prerequisites

- Plan experiments to last several days to some weeks (depending largely on the
half-life of the gene).

- Experiments are all carried out in 96-well cell-culture plates. If available 48-
well plates can be used. Handling and cell counting may be easier. Multiply
cell number, medium and volume of the oligos by 3.

- If the cell population chosen has not yet been grown in microtiter plates
establish it first for secure handling.

- Determine the ideal cell density to be plated. Plate e.g. 2,500 cells per well.
With too low a cell number cell counting will become impossible. On the
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- Scan slide at 40x magnification but take photographs at 100x.- Focus on a cell
with medium fluorescence and determine exposure time (e.g. 120 sec). For
best comparability all pictures should be taken with the same exposure time.
For this purpose switch your camera from automatic to manual exposure after
you determined an average exposure time.

Non-Adherent Cells

Principles are the same as for adherent cells except for final workup on day 3 (see
below). Please refer to the protocol as outlined above. Depending on the cell size
you may plate 3,000-5,000 cells in 150 µl.
To fix the cells at the end of the experiment you may wish to perform a cytospin.
For this purpose a higher cell number is required, since losses may be high with
this technique. Check in advance!
Time points and mode of ANTISENSE application are the same as for adherent
cells. The oligonucleotides may be added directly after plating.

Modifications on Day 3:

After you stopped the incubation either perform a cytospin or proceed as
follows:

- Do not take off wells.
- Suspend cells homogeneously with a 100 µl pipette and transfer into separate

microtubes.
- Spin at 200-400 g (= 1,500-2,500 rpm in a microfuge) for 2 min, discard

supernatant.
- To wash the cells resuspend pellet in 200 µl of medium.
- Spin at 200-400 g, discard supernatant.
- Resuspend pellet in 10 µl of medium.
- Drop suspension on an absolutely fat-free, clean glass slide.
- Disperse suspension only moderately not to scatter cells too much.
- Allow to fully air-dry.
- Fix in 100% methanol (-20˚C) for 5 min.
- Alternatively fix with paraformaldehyde as described for adherent cells since

methanol may cause shrinkage in some cell types.
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Adherent Cell Lines

The protocol will be outlined as to be suitable for most adherent cells, grown in
culture medium supplemented with glutamine, antibiotics and FCS.
- If necessary coat cell-culture plates for better adhesion of cells.
- Trypsinize cells grown in a culture flask, determine cell number in a

hemocytometer.
- Plate appropriate number of cells in a fixed volume of 100 µl of supplemented

medium into each well.
- Allow cells to adhere for at least 1 hour without any further manipulation
- Check morphology of cells.

- Add 2 µl ANTISENSE and CONTROL directly into the respective wells to
make a 2 µM solution*.

- Check wells daily under sterile conditions under the microscope for
differences in morphology between ANTISENSE treated and control cells.

Transfer of Cells and Cell Counting

Cells to be transferred are grown in the same plate as cells to be counted. To
minimize the risk of contamination during passage always begin with the transfer.
After transfer is completed remaining wells can be used for cell counting.

a) Transfer of Cells
- To transfer cells replace medium by 100 µl of trypsin solution.
- Cells should not be trypsinized for too long. Process 6 wells of one condition

at a time.
- Place in the incubator for 1-2 min. Duration of incubation may vary

depending on the batch of trypsin and its concentration.
- Monitor cells under a microscope until they round up and detach.
- Mix well with a pipette, drawing the suspension up and down 5 to 10 times.

The goal is to obtain a single-cell suspension assuring optimal growth and cell
counting.

*In comparison with other antisense oligos this may appear as a low concentration. High efficiency
of  ANTISENSE-oligonucleotides is due to sequence design, high purity and backbone homology. For
very highly expressed genes and for some cell types it may be necessary to increase the concentration
and the frequency of oligo application. See also Section F: „Caveats and Troubleshooting“.
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other hand too high a density of cells will impair maximal cell growth.
- The time schedule for changes of medium and transfer of cells should be

optimized for the growth in cell-culture plates.
- Add antibiotics, glutamine and growth factors to your cells as usual.
- Select a clone with a low passage number for homogeneity of the population.
- Populations should have had regular passages (i.e. regular growth in the

logarithmic phase) avoiding long-term confluence.
- Cells should be checked and treated for mycoplasma infection, if necessary.

Cell growth and oligo-uptake could otherwise be severely altered, masking the
antisense effect (see Section F).

Preparation of the Cell-Culture Plates

- Mark cell-culture plates with a black drawing pen. Ten wells per condition
will be divided into 4 wells for cell counting and 6 wells for transfer of cells
(see fig. 5).

- Prewash wells directly before plating to minimize electrostatic disturbance:
Pipette 100 µl of sterile minimal medium into each well and draw off again.

- During the experiments the outer wells should be filled with fluid to protect
other wells from evaporation (see fig. 5).

fig. 5: Ø= control without oligo, C= control oligo, A= antisense
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be added directly after plating.
- For average sized cells don´t exceed 2,500 cells per well, for small cells go up

to 5,000 cells per well.
- For transfer and cell counting harvest cells using a pipette, transfer into a

sterile microtube and proceed as outlined for adherent cells.

Partially Non-Adherent Cell Populations

For cell types with an adherent and a non-adherent population, cells have to be
harvested in a first step by transferring the supernatant into a tube. Add then
100 µl of trypsin into the well. Normally cells round up and detach rapidly. Harvest
with a 100 µl pipette by drawing the volume up and down in the pipette. Then
transfer into the same tube as the non-adherent fraction.

Protocol B2. 3H-thymidine Incorporation

For general considerations concerning preparation of the cell-culture plates, cell
type, cell number to be plated, handling of the oligos etc. refer to Protocol B1.

Adherent and Non-Adherent Cells
- Prepare a separate cell-culture plate for each time point e.g. 24 h, 48 h, 72 h (see

fig. 6). Plate cells for all time points at the same time. The 3H-thymidine pulse
and cell lysis will follow on the subsequent days.

fig. 6: Take one plate for each time point, mark accordingly
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- Transfer suspension of all 6 wells into a 1.5 ml microtube containing 600 µl of
medium (supplemented with twice the standard amount of FCS).

- Spin cells at 200-400 g (=1,500 -2,500 rpm in a microcentrifuge) for 2 min.
- Discard supernatant and resuspend pellet in 2 ml of supplemented medium

(e.g. 10% FCS).
- Mix well with a pipette, drawing the suspension up and down 5 to 10 times.
- Count a 50 µl aliquot of the freshly mixed suspension in a hemocytometer.

Don´t mix with trypan blue to avoid further dilution.
- If the cell number is not too low count again after addition of an equivolume

of trypan blue to determine the percentage of dead cells.
- Plate cells into 10 wells of a new cell-culture plate (same cell density and

arrangement as before).
- If cells are growth-impaired plate into 15 wells to obtain enough cells for

subsequent transfers.
- Pool and transfer remaining cells.
- Allow cells to adhere for one hour, then
- Add 2 µl of ANTISENSE and CONTROL into the respective wells.

b) Cell Counting
- Process one well at a time since trypsin and trypan blue are cytotoxic.
- Carefully pipette off the supernatant and substitute by 50 µl trypsin
- Place shortly in the incubator.
- Control cells under the microscope, whether they round up and detach
- Add 50 µl of trypan blue into the well.
- Harvest cells with a 100 µl pipette drawing up and down the suspension.
- Transfer into a microtube.
- Count homogeneously suspended cells immediately in the hemocytometer.
- Determine cell-number and percentage of dead cells (stained by trypan blue).
- Write down the multiplication factor for each population (e.g. 75,000 cells per

ml = 7,500 cells per 100 µl -> multiplication factor = 3, where 2,500 were
originally plated).

Non-Adherent Cells

General considerations (including volumes and concentrations) are the same as
outlined for adherent cells. Since cells don´t attach to the ground, the oligos may

12



proteins with a high turnover (e.g. proto-oncogenes) a decrease of the protein
product may be seen 10 to 24 hours after addition of the oligo. For proteins with
a slow turnover (like many receptor or house-keeping genes) the decrease may
not become visible before 24-72 hours.
To obtain sufficient amounts of protein incubate subconfluent cells in 75 ml cell
culture flasks. Depending on the cell type the amount of medium can be reduced
to 5-7 ml during the incubation period with ANTISENSE.
Principles, oligo concentration and handling of cells are the same as outlined
in protocol B1 for cell counting.
To start with we recommend the following oligonucleotide incubation times: 6 h,
24 h, 48 h. If proteins with a low turnover and a long half-life are studied, add
time points (72 h + 96 h).

Northern Blot / Dot Blot Analysis

ANTISENSE oligonucleotides hybridize to a specific mRNA and lead to
translational arrest. Whether the antisense effect is due to a steric translational
block by Watson-Crick base pairing or to digestion of targeted mRNA by RNase
H has been discussed controversially (see Appendix C). In in vitro systems RNase
H digests DNA/RNA hybrids resulting in a decrease of the specific signal in
Northern blotting. In vivo the role of RNAse H may be different to some extent. It
appears that the specific signal may decrease (RNase H?), increase (feedback
mechanism to upregulate protein translation?) or may be unaffected.
Thus changes of the signal on the mRNA level may not be expected in all cell
types or experimental settings. Specific inhibition due to ANTISENSE
oligonucleotides can be verified most reliably on the protein level (e.g. Western
blot or ELISA).

To obtain sufficient amounts of mRNA incubate subconfluent cells in 260 ml cell
culture flasks. Since transformed cells often have an increased ratio of nucleus to
cytoplasm, you will need more cells than with primary non-transformed cells.
Depending on the cell type the amount of medium can be reduced to 20 ml during
the incubation period with ANTISENSE-oligos.

Principles, oligo concentration and handling of cells are the same as outlined
in protocol B1 for cell counting.
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- Grow cells in 100 µl medium per well.
- For adherent cell lines allow cells to adhere for at least one hour without further

manipulation.
- Add 2 µl ANTISENSE and CONTROL directly into the respective wells

(e.g. 2 µM solution).
- On the next day, 18 h after addition of the oligos add 0.15 µCi 3H-thymidine to

„24 h-well“.
- Stop incorporation at a constant interval (for most cells 6 h) by freezing the plate

at -20°C. Store until the end of the experiment.
- Process other cell-culture plates in the same way on day 2 (48 h) and day 3

(72 h). Minimal freezing time is 12 h (overnight).
- Thaw plates and heat to 60°C for 1 h.
- Spot lysates on a glass filter with a cell harvester and wash out unincorporated

3H-thymidine with sterile water. Alternatively harvest cells manually according
to standard protocols.

- Determine radioactivity in a scintillation counter.
- Let samples equilibrate for 1-3 h in the scintillation fluid before counting.

Section C.  Evaluation of the ANTISENSE Activity

A reliable evaluation of ANTISENSE effects can only be performed on the protein
level e.g. Western Blot, ELISA, Immunoprecipitation or functional assays.
Estimation of mRNA levels (e.g. by RT-PCR or Northern Blot) are generally not
useful as the ANTISENSE mechanism is due to a translational block at the
ribosomes rather than destabilization and increased cleavage of the target mRNA.
ANTISENSE treatment can decrease, increase or might unaffect mRNA levels
while the protein of interest is significantly reduced.

Western Blotting

Specific inhibition of the protein product can be visualized by Western blotting.
Since the ANTISENSE oligos target the mRNA, a decrease of the protein product
may not be visualized before natural degradation of pre-existing protein. For
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Section D.   ANTISENSE in in vivo Applications

    D1.   Direct Injection into Rodent Brain

Injection of ANTISENSE into Brain Parenchyma

Application of ANTISENSE directly into the rat-brain parenchyma can be
performed via guided microinjection cannulae, which are permanently implanted
several (≈ 6-10) days prior to the antisense experiments. Oligos should be injected
as slowly as possible (e.g. over a period of 10-30 min) in order to avoid high local
concentrations which may damage the tissue upon repeated injections. Injection
volume can be 1-2 µl and the total amount of oligo injected ≈ 2 nmol.

Injection of ANTISENSE into Brain Ventricles

ANTISENSE can also be injected directly into the 3rd ventricle. Good uptake of
oligonucleotides into the surrounding brain regions and inhibition of (rapid
turnover) gene expression has been detected 10 h after the injection.

Tracing ANTISENSE-Uptake with FITC-labelled Oligos

Uptake of ANTISENSE-oligos into the brain can be monitored by fluorescein-
labelled control oligos by injecting 1-2 nmol of oligonucleotide dissolved in a
volume of 1-2 µl. The injection should be done as slowly as possible over a period
of several minutes, in order to avoid brain damage from the initial high oligo
concentration at the site of injection and from sheer volume.
The cellular uptake seems to peak around 10 hours after injection, but can be
visualised anywhere between 4 and 24 h, depending on the particular site of
injection.
For evaluation, brains are quickly removed after sacrifice of the animals, submerged
in cryostat embedding medium (e.g. Tissue-Tek from Miles Scientific, others do
just as well) and sectioned on a cryostat (10-20 µm). Sections are then thaw-
mounted on glass slides and either just dried and examined directly under a
microscope (immersion oil) or fixed in 5% paraformaldehyde/PBS for 5 min,
dehydrated in a graded series of ethanol (70%, 90%, 100%), and mounted under
a glass coverslip.

17

To start with we recommend incubation times parallel to those recommended for
Western Blotting: e.g. 6 h, 24 h, 48 h of both ANTISENSE and CONTROL treated
cells. In parallel, untreated cells should be included in the experiment as a second
control.

ELISA

ELISA provides a more rapid and easier alternative to monitor soluble proteins.
Prerequisites are the same as for Western blotting. Depending on the cell system
and the examined protein it may be possible to scale down required cell number
and volumes considerably.

Immunoprecipitation

Immunoprecipitation with radioactive protein precursors is a powerful tool to
asses protein de novo synthesis. It is the method of choice for proteins with a very
low turn over. Pre-existing protein may mask the translational arrest in Western
Blot or ELISA but not in immunoprecipitation. For neuroreceptors and other
receptors this assay  may be the only method to show protein translation suppression
reliably. For many receptors and other proteins the functional effects of antisense
may be marked even with a reduction of the protein level of no more than 10 -
20%.

Morphology, Down Stream Targets

For many biological assays monitoring morphological changes, differentiation
processes or regulation of down stream regulated genes, effects may become
apparent significantly later than it takes to suppress a specific protein. Long-term
changes in the cellular program may take several days to weeks to become apparent
(e.g. neuronal differentiation within 10 days after antisense treatment, see
Schlingensiepen KH et al., Dev Genetics, 14: 305-12 (1993)).
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- Do not allow cells to become confluent. At a maximum of 80% confluence cells
should be transferred or be injected.

- Prior to injection cells from different flasks may be pooled. Spin down and wash
once in appropriate culture medium.

- Resuspend in a defined volume of culture medium (e.g. 10 ml) and determine
cell number in a hemocytometer. Depending on the cell size and the individual
efficiency to form tumors, 1 x 106 to 1 x 107 cells should be injected in a volume
of 200 to 300 µl.

- Spin cells down, discard supernatant and redilute 2/3 of the volume required for
injection of all animals.

- Mix suspension gently each time before transferring each aliquot into a microfuge
tube. Determine volume and add medium to the final volume.

- Draw suspension into an insulin type syringe using a 20G needle. Replace it by
a 27G needle for injection to cause minimal skin damage.

- Cells should be injected within the following 30 to 60 min, e.g. on the upper
back of the mice. Make sure that the volume is injected in one go into one
subcutaneous compartment to avoid growth of multiple tumors.

- Check animals daily for palpable tumors. Measure tumors in all three dimensions.

ANTISENSE experiments may be performed in different ways. The animals may
be treated directly after inoculation or after the tumor is palpable. Alternatively,
one may treat cells already in culture with the specific ANTISENSE oligo for a
defined period prior to injection.

Treatment of Animals by Continuous Infusion of ANTISENSE

- Let cell grow to subconfluence (70 - 80% confluence).
- Prepare and aliquot 107 cells per animal and inject the tumor cell suspension

subcutaneously between the scapulae of SCID-mice using a 21 gauge needle.
- Let subcutaneous tumors grow to a size of 500 - 3000 mm3.
- Load osmotic minipump under sterile conditions according to manufacturer’s

guidelines avoiding air bubble formation. We recommend Alzet minipumps (e.g.
2002 pump (Alza Corp., Palo Alto, CA). Load pumps with 875 nmol of oligo
dissolved in 250 µl of sterile buffering solution (while the pump delivers 200 µl
over 14 days, in practice 250 µl are required for loading). This should lead to a
constant delivery of 50 nmol per day for 14 days.

- Optionally incubate pump in sterile physiologic saline solution overnight in
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D2. Systemic Application of ANTISENSE in Rodents

Rodents are most commonly used as in vivo models for ANTISENSE treatment.
Immunodeficient mice like SCID or nude mice are used as hosts for tumors of
human origin to test ANTISENSE as anti cancer drugs. ANTISENSE can be applied
via different routes: intravenously, intraperitoneally or subcutaneously.
Pharmacological studies have shown that subcutaneously injected oligos are
efficiently absorbed and systemically distributed with a relatively higher uptake in
the lymphatic system. This route cause less systemic side-effects than i.v. bolus
injections. Compared to the same intravenous dose the bio-availabity is 40% but
tissue distribution is identical.
 ANTISENSE may be injected i.v. either in a bolus or by continuous infusion via
a miniosmotic pump at a quantity of 800 nmol/kg/day (i.e. 20 nmol/mouse (25 g)/
day). Injections should not be given more than once daily, because repeated dosing
does not influence the pharmacokinetics or tissue distribution of phosphorothioate
oligos.
Subcutaneously inject 2000 nmol/kg/day (i.e. 50 nmol/mouse (25 g)/day). For
further reading please refer to literature recommended in appendix F.

 Preparation of Cells for Tumor Injection

ANTISENSE compounds that have been successfully tested as pharmacologically
effective  agents in cell culture should be studied in a next step in animals. For
cancer studies tumor models are of interest. Tumor cells of human origin may be
grown in immunodeficient animals. Two breeds of mice for inoculation of tumors
are appropriate: nu/nu athymic nude mice and SCID (severe combined
immunodeficiency) mice.

Depending on cell size and proliferation rate 2 x 106 to 1 x 107 cells should be
injected. Too low a number of cells may result either in no tumor growth or in
significantly retarded development. Too high a number of cells require too big an
injection volume and may hence cause multiple adherent tumors being difficult to
measure.

- Grow cells with a low number of passages in flasks.
- Treat adequately with antibiotics and mycoplasma removal agents, if necessary.

Check daily for morphology and absence of infection.

18



Protocol

- Mix lipid formulation with serum free medium at a concentration of
5-10 µg/ml (or as recommended by the manufacturer).

- Add oligo at 0,1-1 µM concentration.
- Incubate at RT or in the incubator for 30 min.
- Add to cultured cells and incubate for no more than 30 min.
- After incubation wash cells twice with supplemented medium.
- Add supplemented medium containing 2 µM oligo.

Notes

Do not exceed time of lipid incubation, because of cellular toxicity of the agent.
To lower lipid toxicity concentration may be decreased from 10 µg/ml to 5 µg/ml.
The optimal concentration of the oligo has to be determined empirically.
Concentration may be 0.1 to 1 µmol.
The most commonly used lipid formulation is Lipofectin (Gibco BRL), a 1:1 (wt/
wt) formulation of the cationic lipid DOTMA and the neutral lipid DOPE. Newer
transfection reagents like Cytofectin GSV (Glen Research) feature low cytotoxicity
combined with large transfection efficacy.

Section F. Optimizing and Troubleshooting

Fluorescence / Cellular Uptake

- Fluorescein is sensitive to light. The oligo must be kept in the dark. Also slides
must be stored protected from light.

- Uptake of oligonucleotides is best during log phase. Adopt your system to
optimal growth conditions (FCS, growth factors, etc.).
- Try with a different clone or a different cell type, since some cell types don´t
take up oligos well. Some leukemic cells, some keratinocytes and other cell
types may need cationic lipids as an enhacer of uptake (see Section E).

- Alter time points of addition.
- Increase the concentration of FITC-CONTROL (e.g. 4 µM).
- In case of high background include a second washing step prior to fixation.
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order to prime it (this ensures constant delivery rates throughout the experiment).
- Under deep anesthesia make a skin incision over the neck region and (by blunt

dissection with a hemostat clamp) create a subcutaneous pouch along the body
axis, large enough to accommodate the pump.

- Insert pump and close incision with two surgical clips or by suturing.
- Measure tumor at regular intervals in three diameters.

Treatment of Animals by Repeated Injections of ANTISENSE

- Grow low passage cells.
- Harvest cells by trypsinization.
- Stop trypsinization with FCS, centrifuge cells and resuspend in 5 ml of serum-

free medium per culture flask.
- Count cells and aliquot 2 x 106 - 107 cells per animal into microfuge tubes.
- Centrifuge cells and remove supernatant.
- Add 350 µl of RPMI 1640 medium to the cells fill into 1 ml insulin syringes

using a 27 gauge needle.
- Inject cells subcutaneously between the scapulae of the mice using a 21 gauge

needle.
- Let subcutaneous tumors grow to a size of 500 - 2000  mm3. Start treatment with

ANTISENSE oligos by injecting 50 nmol subcutaneously at a site removed from
the tumor. Inject animals once daily for several days.

- Measure tumor in three diameters twice weekly.

Section E.  Enhancement of Oligonucleotide Uptake

It has been described for some cell types, especially for leukemic cell lines, that
they are not readily taking up nucleic acids. This may be due to a low expression
of the protein p80, which is one putative transporter for negatively charged
macromolecules. If uptake is insufficient it may be increased by pre-incubation
of the oligo with cationic lipid formulations like Lipofectin.  The cationic charge
masks the anionic charge of the oligonucleotide backbone. Thus the lipid/
oligonucleotide complex may pass the cell membrane more efficiently and quickly.
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2. Morphology
If parameters like morphogenesis or cell differentiation are studied, the time frame
depends on the cell line, growth conditions and the blocked gene. Observation
periods over days and sometimes 1-2 weeks may be necessary.

3. Protein half-life
For quantification of the protein, time points between hours and day(s) after oligo
application may be necessary. Proteins with a rapid turnover  like proto-oncogenes
may be examined after 6 to 24 h. Other proteins like neuro-receptors or house-
keeping genes may require incubation with ANTISENSE over days, before a
decrease of protein becomes apparent. For proteins with a long half life,
immunoprecipitation with radioactive amino acids is the most efficient way to
detect inhibition of protein translation (see Section C).

4. Addition of the oligo
For adherent cells addition of the oligo earlier than 1 h after plating may result
in insufficient adhesion. Due to the preceding trypsinization the extracellular matrix
has to be re-established. Too early an addition of the oligo may impair this process.
Cell counting and 3H-thymidine incorporation must not be performed too early
after addition of the oligos. Otherwise results will be false negative. ANTISENSE
needs to penetrate the cell and to hybridize to its target. The effect will be detectable
only after natural degradation of the pre-existing protein.

Expression Level of Different Proteins

If the protein under examination has a low turnover or a low expression level it
may be difficult to monitor the specific effect. ANTISENSE blockage is particularly
effective in cells overexpressing a gene.

Mutations

In rare cases a mutation of the targeted mRNA sequence can minimize the
ANTISENSE effect. In our ANTISENSE product line stacking energy, relative
amount of nucleotides and target-site have been carefully optimized for high
specificity. Single mismatches may lead to an almost complete loss of inhibitory
activity of the oligonucleotide.
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Functional Assays

ANTISENSE oligonucleotides interfere with the expression of a specific gene in
a complex biological system. Thus a number of variables have to be considered in
order to use the technique successfully and to interpret the results correctly. Users
should be aware that the biological effects of a specific antisense inhibition may
vary depending on the system used and the assay conditions.

Cell Type
Primary cultures may behave different to cell-lines. Culture conditions, media
composition and serum variabilities can influence the pattern of gene expression
and subsequently the results of an antisense experiment.
In some cell lines antisense reagents may have a decreased effect. This is most
probably due to mutations of genes important for  transport of oligos and cell
signaling, etc. In rare cases the targeted gene may have a mutation, which would
make antisense inhibition impossible. Thus it is important to test antisense oligos
in another cell line if the effect was not appropriate. Since properties may change
within a cell line, it is difficult to predict which cell lines are best.  Fibroblasts and
primary cells are generally better candidates than leukemic cells.

Number of Passages
Cells in culture commonly change their properties and loose homogeneity with
increasing number of passages. They may acquire mutations over time and behave
differently from those described in the literature. Cells in a low passage number
are more suitable (reduced genetic drift).

Time Frame

The time frame has to be chosen carefully. Antisense effects may be missed if the
time frame is too long or too short.

1. Cell Growth
Depending on the population and experimental conditions, cell cycles may vary
between a few hours and days. The time frame has to be adapted correspondingly.
Effects will be visible more rapidly in fast growing populations with a high
expression of the gene.
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Control Oligonucleotides: Nonspecific Effects

Our random control oligos have been designed thoroughly to avoid toxic motifs
and to be nonhomologous to any known sequence. Thus, in most experiments and
in most cell types there should be little effect causes by controls. Still some
nonspecific effects may occur due to nonspecific binding of phosphorothioates to
proteins. If a control displays a surprisingly strong activity, the mechanisms should
be carefully explored before concluding that the effects of the control prove that
the activity of the corresponding antisense is not due to antisense mechanism.
The reason why controls display strong effects in some cell types is not yet well
understood. Certain gene mutations in permanent cell lines may be a reason but
other factors may be important as well. Since such reactions are unpredicable
even with our carefully tested controls, we offer a CONTROL-TEST-KIT which
contains different modified and partially modified controls. Use this kit to assess
and to rule out nonspecific side effects due to interaction with your particular cell
line. Please inquire for more information.

How to Proceed  if You Don´t Get Your System Working
(For details of each step see discussion above in this section)

- Check whether time of incubation was too short or too long with respect to
uptake and protein half-life (Time series).

- Increase intracellular oligo concentration in a first step by doubling the added
amount of oligo (e.g. from 2 µM to 4 - 5 µM). If this is still not satisfactory use
cationic lipids as described above (but don´t forget to decrease concentration
then!) (Concentration series).

- If the gene is very highly expressed, increase frequency of application.
- Use a different cell line with a known expression of the gene (Positive control).

Check also in this new cell line the uptake with a FITC CONTROL.
- Some cell lines are generally not good candidates for antisense experiments.

There is no general rule which cell lines are best, because it may differ between
different strains. Often cationic lipids are of value in these cells. If not, use a
different cell strain or better a different cell line, ideally of another type of tissue.

- Use a different gene to verify that the technique as such is properly established
(Technical control). Often transcription factors like c-fos or members of the NF-

kappa B family are ideal candidates to validate the technique.
- If the effect of the ANTISENSE is to be verified to be specific, use a cell line in

which the gene is not expressed. Effects should be absent (Negative control).
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Comparatively Low Growth Activity

1. Cell number
Cell growth depends amongst other factors on the number of cells plated. Too
low a concentration of cells may lead to early cell death or impaired growth. Too
high a concentration may lead to contact inhibition with a reduced proliferation
rate. If you have to down scale the cells from flasks or dishes to cell-culture plates
for the first time optimize conditions prior to starting your ANTISENSE
experiments. Make sure that cells are in their log-phase when plated and transferred.
Perform changes of medium to minimize toxic product accumulation if necessary.

 2. Mycoplasma infections
Mycoplasma infections are a common problem in cell culture. Properties of infected
cells may be altered. Most commonly a retardation of cell growth and shorter
lifespan are observed. Since mycoplasma takes up oligonucleotides, the effect of
oligonucleotides may be altered or abolished. Thus check for infections and treat
cells regularly.

3. Culture Conditions
If cell growth is the investigated parameter, supplementation of growth factors
has to be sufficient. For example if fibroblasts are grown in low serum (0.5-1%)
inhibition of transcription factors, oncogenes or growth factors may not decrease
the proliferation rate. Vice versa too high a concentration of growth factors causing
maximal growth stimulation may mask desinhibitory effects of oligos. For example
the suppression of  a tumor suppressor gene (e.g. p53) may only lead to a significant
increase in proliferation rate if cells are not stimulated to maximal growth.

Concentration and Frequency of Application

Due to our experience with our own ANTISENSE projects and to the experience
of our customers, it has been shown, that in most cell culture conditions a 2 µM
concentration is sufficient. Due to the stability of our ANTISENSE they are
normally reapplied only when changing the supernatant medium to prevent
washout. If cellular uptake is not efficient it may be necessary to increase
concentration to 5 µM. If the gene is very highly expressed, it may be necessary
to increase the frequency of application to once daily or even several times daily.
This method of pulsation allows an application of larger amounts without the
toxic effects of single high dose applications.
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Trypan Blue Staining
Living cells actively transport the dye out of the cytoplasm, dead cells will passively
take up the dye. For plating and transfer of cells determine the percentage of
living cells and calculate cell number to be plated on the basis of living cells.

 fig. 7: Schematic drawing of the grid
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Appendix A. Counting Cells with a Hemocytometer

The Neubauer chamber provides a cheap and reliable way to determine the cell
number. Its importance in hematology is well appreciated. In contrast to most
automated counters you may determine even very low cell numbers. Techniques
for counting of cultured cells are the same as for white and red blood cells. Since
it needs some experience, we advise you to practice with different cell types before
counting your ANTISENSE treated cells.

The chamber needs to be fat free and clean. To fix the cover slip, moisten opaque
edges of the chamber not too excessively and apply cover slip from the side. If
performed correctly, you will see Newton´s rings under the edges of the slip. Mix
cell suspension directly before counting. Deposit a few drops of the suspension
under the cover slip. Do not overload the chamber.
Within the grid (see fig. 7, left) start counting cells in the upper left large square
consisting of 4x4 smaller squares. As a principle count all cells within a field and
those touching the upper and left edges. Do not count cells touching the lower and
right edges to avoid double counting of a cell.
Count the four outer large squares (see fig 7: 1-4).

If the cell count per large square is lower than 10, count the inner 5 squares as well
(see fig 7: 5-9) and/or squares of the other half of the cytometer. For experiments
in microtiter plates this will be the case, since 2,500 cells in 100 µl will give an
average of 2.5 cells per large square!

To obtain the cell number per ml divide by the number of large squares counted
and multiply by 104. If cells were stained with an equivolume of trypan blue
multiply by 2 (= dilution factor).

C x  104  x  D  /  Sq  =  Cells  /  ml

C = Count / large square,  D = Dilution factor, Sq =Large squares counted
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Cellular Events Caused by Antisense Oligos

In cell culture systems the oligos are added to the supernatant medium. The
negatively charged oligonucleotides are taken up by active transport mechanisms.
A putative receptor, called p80, has been identified. p80 is a transporter of
negatively charged macromolecules like DNA or polysulphates. Other receptors
have also been related to oligonucleotide uptake. This uptake takes considerably
more time than passive diffusion. Within the cell the oligos are first entrapped in
endosomes but are steadily released into the cytoplasm, where it can bind to mRNA.
Ideally the ANTISENSE hybridizes only with the complementary mRNA (see
above) to inhibit protein translation. Inhibition is most probably due to a steric
block of the ribosome complex, due to steric alteration of the mRNA. A further
mechanism may be the specific enzymatic degradation of the targeted mRNA
after hybridization to an antisense oriented DNA molecule. It has been shown
that in vitro the enzyme RNase H degrades the mRNA at the site of DNA-RNA
hybrid formation (see enlargement of the boxed region in fig. 10). Still the
importance of this mechanism is not clear in vivo. It seems to depend largely on
the cell type used. Its activity is highest in oocytes and embryonic tissue.
Literature: Schlingensiepen KH, In zur Hausen H and Zeller W (eds.), Onkologie
Aktuell, Ecomed, Landsberg, (1995) and Antisense Textbook and Lab-Manual,
Chapter 1 (see Introduction of this Manual).

fig. 9: Transcription of a gene and fig.10: Modulation of the genetic

translation into its protein product     program by blocking a specific mRNA
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Appendix B. Principles of the Antisense Technique

Rationale

For a detailed and profound description of antisense principles and effects please
refer to books listed in Appendix F, since this topic is beyond the scope of this
manual. The following is a brief description of the antisense principle.

ANTISENSE oligonucleotides (ODN) are high tech tools designed to bind
specifically and efficiently to the complementary sequence of a targeted mRNA.
It shall display weak complementarity to RNAs other than the target mRNA.
Further criteria are the nucleotide composition, the secondary structures of the
target mRNA and the hybridization kinetics in vivo. These parameters and other
more complex criteria are necessary to design an oligo that has the ability to
cause a highly specific and efficient translation block. In well designed constructs
single mismatches reduce stability of the hybrids almost completely. This is
important since partially homologous sequences may be present in various genes.
(Literature: Brysch W et al., Cell Mol Neurobiol, 14: 557-568 (1994)). Undesirable
effects and absence of antisense effects occur if even one factor like stacking
energy, base composition, toxic motif exclusion or steric properties are not taken
into account.

fig. 8: Hybridization of the  ANTISENSE oligonucleotide to different mRNAs.
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information for a single gene. This genetic information determines which gene
shall be blocked. In contrast to classical drugs which interact with proteins, hormons
or other effectors, antisense interact at the cause of a disease: at the genetic level.
Antisense combines many advantages of the classical pharmaceuticals with the
advantages of genetic manipulation, but it does not require manipulation of genetic
material.
Preclinical and  clinical trials using S-ODN for the treatment of leukemias, solid
tumors, viral disease (HIV, HCV) and autoimmune disorders are currently tested
in different clinical trials. The first antisense drug has been approved in 1998 for
treatment of CMV retinitis. Further drugs will most probably follow in future.

Appendix D. Implications and Design of Appropriate
ANTISENSE Control Experiments

The inclusion of proper controls is an indispensable part of any antisense
experiment.
Controls are necessary to detect nonspecific effects of ODNs in cell cultures,
organotypic cultures and research animals.
Scientists working with ANTISENSE ODNs have to differentiate between effects
which are due to the desired sequence-specific inhibition of target mRNA
translation and undesired sequence-related and non-sequence-related effects.

BIOGNOSTIK´s .R.A.D.A.R.™ Sequence Design Technology

BIOGNOSTIK has developed an advanced computer-aided sequence design and
selection technology named .R.A.D.A.R..
The core of the .R.A.D.A.R. technology  is a parallel processing system which
analyzes an entire mRNA sequence for possible ANTISENSE target sites. In a
second step, all of these sequences are compared with each other and with a
database which contains the complete molecular characteristics of more than 3000
tested ANTISENSE ODNs. An advanced homology search step excludes all
sequences that show relevant cross homologies to other GenBank sequences. On
average less than 1% of a mRNA sequence represents a suitable target for
ANTISENSE ODNs. Within this 1% only few selected ODN-sequences meet all
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Appendix C. Chemistry, Purity, Homogeneity:
Essential for Antisense Oligonucleotides

BIOGNOSTIK  has developed a proprietary synthesis and purification process for
phosphorothioates (S-ODN). Oligonucleotides are highly homogeneous with
respect to length and backbone modification. HPLC and cross flow dialysis are
included to purge the product from organic solvents. Ammonia is substituted by
sodium.
In our laboratory we examined the effect of different types of impurities as they
occur when omitting single purification steps. Depending on the type of impurity
(organic or non-organic contaminants) different toxic effects are observed (see
fig. 11).

fig. 11: Effects of control oligonucleotide on cell growth (cell count). NIH 3T3
mouse fibroblasts were incubated with 2 µM CONTROL-oligonucleotide for 48 h.
1=untreated control, 2=unpurified oligo, 3=rev. phase HPLC, 4=rev. phase and
anion exchange HPLC, 5=additionally cross flow dialysis, 6=highly purified
product

An improved sulphurization process leads to a substitution of >98% of phosphates.
Lower levels of sulphurization make the S-ODN vulnerable to exo- and
endonucleases leading to an impaired efficacy.
Antisense oligonucleotides are developing rapidly into a new class of
pharmaceuticals. They are termed “informational drugs” since they contain specific

30



BIOGNOSTIK random control ODNs feature the following design criteria:
- identical chemical modifications in ANTISENSE and control ODNs
- no ability to hybridize to the target mRNA
- no relevant cross-homologies to other known mRNAs within the

investigated species
- minimal or no cross-homologies to any known mRNAs from other species
- critical motifs, like G-quartets, kinase domains or zinc finger motifs

are generally excluded.

fig. 12
Example for using control ODNs to determine the optimal concentration of ANTI-
SENSE ODNs in a cell proliferation assay. 3H-thymidine incorporation was
measured in mouse 3T3 fibroblasts that had been treated for 4 days with different
concentrations of ANTISENSE c-myc, control ODN or without ODN.
At 2-5 µM the ratio between the specific inhibitory effect of ANTISENSE c-myc
and unspecific toxicity of the oligonucleotides (e.g. the controls) is optimal.

Uptake of FITC-labelled Control ODNs

For effective biological activity, an ANTISENSE ODN must enter the cellular
compartments where the target mRNA sequence is located, specifically the
cytosolic and nuclear compartments. Cellular uptake of ODNs can be demonstrated
using a FITC-labelled control ODN. ODNs are actively taken up by most
eukaryotic cell types and sufficiently transferred to the cytoplasm and nucleus.
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criteria for selectivity, specificity and absence of sequence motifs which may
cause non-antisense related biological effects. Finally all remaining candidate
sequences are ranked and the top sequences are identified for production.
Among others the exclusion of disadvantageous motifs is one important aspect of
BIOGNOSTIK´s. R.A.D.A.R. design.

Controls

Appropriate controls are an integral part of every ANTISENSE experiment and a
prerequisite for the publication of ANTISENSE work in scientific journals.
Controls are necessary to evaluate which of the observed biochemical or biological
effects are caused by a sequence-specific ANTISENSE mechanism and which
effects are due to sequence-related and substance-related side effects.
Controls serve to rule out the possibility that effects of an ANTISENSE ODN are
related to a non-sequence-specific mechanism. The choice of control sequences
is a critical element in the design of any ANTISENSE experiment. Negative control
ODNs are usually designed not to hybridize specifically to the desired mRNA
target. Thus all biological effects observed in such control experiments have to be
attributed to non-specific side effects like cross-hybridization, protein binding or
toxicity.

BIOGNOSTIK´s Random Control ODNs

Randomized controls which are also termed “nonsense” or “scrambled” are
obtained by mixing up the bases of ANTISENSE ODNs in a randomized fashion.
Our random control ODNs have passed a homology search against all sequences
found in the GenBank database and are checked for problematic motifs before
they are approved.
Biological tests in our labs and by numerous scientists worldwide have
demonstrated that these .R.A.D.A.R. selected random control ODNs showed no
sequence-related, unspecific effects in a wide variety of cell types and in vivo
models.
Any biological effects of such control ODNs reflect non-sequence-specific or
substance-related side effects of phosphorothioate ODNs (fig. 12). BIOGNOSTIK´s
random control ODNs closely resemble the specific ANTISENSE sequence with
respect to length and G/C content.
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Appendix F. Literature

1. “ Antisense - From Technology to Therapy - Lab Manual and Textbook”
by Schlingensiepen et al. (eds.), Blackwell Science , 1997, ISBN 0-86542-669-4.
A profound review of literature, basic protocols and special applications. Due to
its great success it has been reprinted in 1998. It is a complete guide for both
novices and experts. Chapters are dedicated to: Cell Culture, Controls, Analysis,
Synthesis, Labelling Techniques, Oncology, Hematology, Neurology, Regulatory
Matters for Pharmaceutical Development, in vivo protocols and other topics. 365
pages, hard cover, more than 70 detailed step-by-step protocols, in depth
background information and 101 illustrations, partly in color. Available only at
BIOGNOSTIK, order#: 91117-80-0001.

2. “ Antisense Therapeutics”  by S. Agrawal (ed.), Humana Press, 1996, ISBN 0-
89603-305-8 is an excellent book about antisense applications. Chapters deal with
basic research in cell culture, animal models and clinical reports, different methods
of administration, use of various cell lines and cell culture systems. Further chapters
deal with pharmacokinetics and pharmacology. 276 pages, hard cover.

3. “ Antisense Research and Application”  by S. Crook (ed.), Springer, 1998,
ISBN 3-540-63833-4 is an important book for scientists interested in clinical and
pharmacological aspects of antisense oligonucleotides. Apart from pharmacology,
pharmacokinetics and clinical studies it contains also valuable information about
in vitro research like cellular uptake and in vitro toxicity. 630 pages, hard cover,
118 figures, 42 tables.

4. “ ANTISENSE Technology in the Central Nervous System”  by R.A. Leslie
(ed.), Oxford University Press, 1999, ISBN 0 19 850 538 8 provides an impressing
review of ANTISENSE technology in the central nervous system. The main topics
are administration of ANTISENSE to the brain and the potential of ANTISENSE
in CNS research and therapeutic applications.
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The uptake is partially enabled by fluid-phase endocytosis and also through a
putative receptor protein p80 that mediates cellular uptake of large negatively
charged molecules like ODNs or heparin. The uptake pattern of FITC-labelled
ODNs of the investigated cells should be monitored before starting functional
studies with the specific ANTISENSE sequences.

FITC-labelled control ODNs for monitoring cellular uptake and distribution are a
standard component included in BIOGNOSTIK`s ANTISENSE kits.

Appendix E. Solutions

4% Paraformaldehyde / Minimal medium, 100 ml

- Weigh 4 g of powdered paraformaldehyde into a glass bottle.
- Add 60 ml of the medium.
- Heat to max. 60°C, stir permanently until paraformaldehyde is completely solved.
- Pour through a Whatman-type paper filter.
- Add medium to 100 ml.
- Do not autoclave, no pH adjustment is necessary.
- Solution may be kept for one week at 4°C.
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