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Abstract

Process for producing cDNA

The process includes the steps of:
a) contacting a liquid containing mRNA with an
insoluble support having DNA probes attached thereto via

the 5'-terminus thereof whereby the mRNA is hybridised
to said probes and hence to said support;

b) removing said liquid: and
c) addlng enzymes and nucleotides in solution whereby

the probe functions as 3 primer to produce single
stranded ¢DNA on the MRNA templates.

The DNA probe is O0ligo-dT or a specific DNA

Superparamagnetic.



10

15

20

25

30

<003500

1

53485001.05 (Case II)

Process for producing cDNA

This invention relates to a rapid process for
producing c¢DNA and a kit for carrying out such a
process.

The conventional method of producing cDNA from RNA
1s that described by Maniatis at el (Molecular Cloning:
a laboratory manual (1982) Cold Spring Harbor
Laboratory). Briefly, this process can be divided into
four stages.

1. Cytoplasmic RNA is isolated from a cell culture in

‘the presence of ribonuclease inhibitors.

2. Cytoplasmic RNA is passed through an oligo- dT
column and mRNA is bound to the oligo-dT wvia its
polyadenylate (poly A) tail. The column is washed and
the mRNA is then eluted from the column. This mRNA may
then be size fractionated, usually using column

chromatography or agarose gel electrophoresis.

- 3. The gel fraction containing a specific target mRNA

may be identified by in vitro translation in a rabbit
reticulocyte lysate systen.

4, An oligo-dT primer is then hybridised to the mRNA
which 1s then treated with reverse transcriptase to
produce single stranded cDNA (ssDNA), the mRNA 1S |
removed, and double stranded cDNA (ds cDNA) is formed
using a polYmerase. " ' N

The ds cDNA can then have appropriate 1inkers‘
provided at each end and be inserted into a plasmid._
This is normally effected uSing a large excess of the
linkér_réagent. “ .

A great deal of time and care is'required when
performing this'conventional proceSs.. mRNA is rapidly
1ost'by hydrolysis and degradationJeveh in the presence
of ribonuclease inhibitors;.Further'loéses of thefsought

after mRNA occur at the steps of-élutiOn-from the'Column
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and size fractionation. Furthermore, excess linker
reagent has to be carefully separated before
introduction of the dscDNA into the plasmid.

There 1s thus a need to provide a simple and rapid
process for the production of c¢DNA. An object of this
invention is to meet that need.

The present invention is based on the concept of
lsolating mRNA on an insoluble support and then forming
CcDNA without the intervening steps of elution from a
column, size fractionation and repriming.

Accordingly, the invention provides a process for
the production of cDNA which includes the steps of:

a) contacting a liquid containing mRNA with an
insoluble support having DNA probes attached thereto via

the 5'-terminus thereof whereby the mRNA is hybridised

to said probes and hence to said support;

b) removing said liguid; and

C) adding enzymes and nucleotides in solution whereby
the probe functions as a primer to produce single
stranded cDNA on the mRNA templates.

Where the mRNA is contained in said liquid together
with contaminants, the mRNA bound to the insoluble
support may be washed between steps (b) and (c) to
ensure removal of such contaminants.

The ssDNA can, 1if required, be converted into dsDNA
by conventional methods, for'example: .

(1) removing the mRNA template by denaturation and |
adding enzymes and nucleotides in solution to producee 
double stranded DNA; ' ' N ,

(2) adding RNase H to femove the mRNA and DNA o
polymerase to form the required seCOnd DNA strand;

(3) removing the mRNA template, adding a humber'of
short DNA primers to hybridise to hOmOlogous sequences
of the sscDNA and then'adding a'DNA polymerase and a

~ligase to form the required second DNA strand

(Multiprimer method) .

| Likewise, the insoluble'support maybe washed
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between steps (c) and (1) and between steps (1), (2) and
(3).

The probes can be DNA moieties which will hybridise
with mRNA and are preferably oligo-dT, which will
hybridise with the poly A 'tails' universally present on
native mRNA. However, probes may comprise specific DNA
sequences which hybridise with specific sequences in
target RNA molecules which may for example be conserved
sequences in families of related RNA molecules. Each
probe may consist of a directly attached single stranded
DNA which may be oligo-dT or a specific DNA sequence or
it may be attached to the insoluble support via a double
stranded piece of DNA.

A particularly useful form of probe for use where
one wishes to isolate mRNA for subsequent cDNA synthesis
1s a DNA sequence in which the 3' end overlaps and is
hybridised to a region near the 5' end, leaving the
remainder of the 5'-terminal region as a sticky end to
hybridise with the target nucleic acid. If a functional
group such as an amino group is present in a position
distal from the sticky end, the loop may be covalently
attached to the insoluble support e.g. via carboxyl
groups. Alternatively, a biotin group may be attached to
the loop and thus bind the probe to an avidin or
streptavidin coated support. DNA having a terminal
region corresponding to the sticky end will thus have
the pOSSibility of being ligated to the adjacent part of
the loop 1f it is required to secure the DNA covalently
RE sites can be provided in the overlap reglon of the
probe for subsequent detachment of the DNA. |

Oligo-dT probes, that is relatlvely short chains of
deoxythymidine units, e. g. from 20 to 200 bases, may be'
readlly and cheaply prepared by enzynmic polymerlsatlon
of deoxythymidine unlts, e.g. from 20 to 200 bases. |
Also, probe and primer ollgonucleotldes may be prepared
by using any of the commercially available DNA synthesis
devices, e.dq. those available frem.Applied Biosystems,
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Inc. (850-T Lincoln Center Drive, Foster City, CA
94404) .

To avoid random hybridisation of unwanted nucleic
acid and to complete the removal of the remaining
components of the hybridisation solution, the insoluble
support is preferably washed at least once after
separation. To remove nucleic acid bound by random
partial homology, the washing may be carried out under
stringent conditions, either by increasing the

temperature or by using a lower salt concentration than

that used in hybridisation, e.g. 0.5M sodium chloride or

an equivalent solution.

Stringency is normally calculated according to the
probe length and G:C content. If the homology between

the probe oligonucleotide and the target nucleic acid is

inexact, washing should be carried out under less
stringent conditions. 1In general, washing should be
carried out at a temperature 12°C below the melting
temperature of the duplex (Tm). The approximate Tm may
be conveniently calculated according to the following
relationships (taken from Maniatis, T. et al (1982)
Molecular Cloning; a laboratory manual pages 388-389).

(a) T, = 69.3 + 0.41 "(G+C)% - 650/L

L equals the average length of the probe in
nucleotides. ' | .

(b) The Tm duplex DNA decreases by 1°C with eﬁery
increase of 1% in the number of mismatched base pairs.

(c) (‘I‘m)u2 - ('I‘m)ul = 18.5 loglo_g_2

. where ul andu2 are'the ionic streng%hs of'two
solutions.
- For small oligonucleotides, the melt‘temperature
may bé approximated in degrees centigrade as fOllOws:
.Tm = 2 X (number of A+T residues) + 4 X (number
of G+C residues)
The hybridisation reaction is preferably effécted

in a 1M sodium chloride solution or an equivalent

e s e Ak 4 o .
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solution known in the art. (See Nucleic Acid Hybrid-
isation, B D Hames and S J Higgins, IRL Press, 1985).

In conventional methods enzymic operations are
often carried out in the same unchanged buffer which is
thus not optimised for each reaction. However, the
method according to the invention allows one to change
buffers and the like and thereby optimise the production
of ¢cDNA. Further, in conventional ss c¢cDNA synthesis,
the ratio of nucleotide reagents to mRNA is usually kept
approximately stoichiometric in order to avoid
contaminating succeeding stages with excess reagent.

The ease and speed of washing, which comes from
immobilisation of target nucleic acid according to the
invention, permits excess reagents to be used, with a
consequent increase of efficiency.

The insoluble support may take a variety of fornms,
for example microtitre wells, filters made from
materials such as cellulose or nylon, or particles
including, for example, sephadef“or sepharosé"beads or
polystyrene latex particles. It is a preferred feature
of the invention to use magnetic particles which may be
magnetically aggregated onto a surface and then be
readily re-dispersed for a subsequent treatment step,
e.g. by physical agitation.

Advantageously the particles are monodisperse
and/or superparamagnetic. Both these properties greatly
assist the kinetics of reactions in which the particles
are involved. It 1is a surprising feature of the
invention that the probes carried by the particles react
in the reactions virtually as rapidly as if free ih
solution. For example, total purification of mRNA can
be effected in less than 15 minutes which contrasts
sharply with the 2 hours required for purification of
mRNA onto a poly-dT affinity column. By using
monodisperse particles, that is particles of
substantially the same size, the reaction rate and other

parameters are particularly uniform. By using
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superparamagnetic particles (that is particles
containing sub-particles of ferromagnetic material which
are smaller than the domain size required to maintain
permanent magnetism), one can avoid magnetic aggregation
or clumping of the particles during reaction, thus again
ensuring uniform and rapid reaction kinetics. Thus, the
particles can readily be aggregated at a uniform speed
onto a surface by application of a magnetic field but
can readily be re-dispersed for a subsequent treatment
step, e.g. by physical agitation. This uniformity of
behaviour and rapidity of reaction lends itself
particularly to automation, which 1s an essential
requirement of many of the nucleic acid manipulations
required in commercial production and/or repetitive
processes. It 1is most important that the reactions and
separations can be carried out completely reliably by an
appropriate machine with minimal human intervention.

The preferred magnetic particles for use in this

invention are monodisperse superparamagnetic beads
produced according to European Patent Publication

No. 0166873 (Sintef; published May 2, 1984).

In these beads, the iron 1s very uniformly distributed
and provides a very uniform response to a magnetic field
which is important in designing a reproducible
procedure, particularly for automation, since all the
beads move at the same speed. Furthermore, since a
reproducible amount of iron can be incorporated in each
particle, this can be adjusted to a relatively low level
which permits the specific gravity of the particles to
be in the range specified below. In the case of prior,
less regular products, small particles either had too
little iron to counteract Brownian forces when a magnet
was applied or the specific gravity of the material led
to undesirable sedimentation of the larger particles.
Some automated systems use magnetic fields to restrain
the particles within a reaction zone while solutions are

passed through; uniform magnetic and rheological

A——— - —
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properties are essential in magnetic particles for use
in such a systen.

The term "monodisperse" used herein is intended to
encompass size dispersions having a diameter standard
deviation of less than 5%.

We prefer to use beads having a specific gravity in
the range 1.1 to 1.8 most particularly 1.2 to 1.5. In
the monodisperse beads used in accordance with the
invention, the specific gravity is, again, particularly
uniform, leading to uniform and predictable kinetic
characteristics.

Advantageously, the monodisperse particles are
spherical beads of diameter at least 1 and preferably at
least 2 microns, being preferably not more than 10 and
more preferably not more than 6 microns in diameter e.q.

- about 3 microns. Smaller particles sediment more slowly

and in some cases the sedimentation time may be long
compared to the reaction time, thus avoiding the need
for physical agitation. However, particles of mean
diameter 0.1 to 1.5 microns including fine particles of
much smaller diameter, as used in the prior art; behave
unreliably in response to magnetisation.

The attachment of the probes to the particles may -
be by direct chemical bonding as well as affinity '
binding, by streptavidin/biotin cdmplexes and the like.

For attachment of the probes, the magnetic ' .
partlcles may carry functional groups such as hydroxyl
carboxyl, aldehyde or amino groups. These may in

general be provided by treating uncoated monodlsperse,.

superparamagnetic beads, to prov1de a surface coatlng of
a polymer carrylng one of such functlonal groups, e.g.

polyurethane together with a polyglycol_to.prov1de
hydroxyl groups, or a cellulose derivative to provide

‘hydroxyl groups, a polynmer or copolymer of acrylic acid

or methacrylic acid to provide carboxyl groups or an
aminoalkylated polymer to prOV1de amlno groups.;'US
Patent No. 4654267 descrlbes the 1ntroduct10n of many
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such surface coatings.
Preferred coated particles for use in the present

invention may be prepared by modification of the beads
according to the US Patents 4336173, 4459378 and

4654267. Thus, for example, macroreticular porous polymer
particles, prepared from styrene-divinylbenzene and with a
diameter of 3.15 um were treated with HNO; to introduce -NO,
groups at the surface of the pores. Then the particles were
dispersed in an aqueous solution of Fe?. The Fe® is
oxidised by the -NO, groups which leads to precipitation of

insoluble jiron oxy-hydroxy compounds inside the pores.

- After heating the iron exists as finely divided grains of

magnetic iron oxides throughout the volume of the porous

particles. The NO, groups are reduced by the reaction with

Fe™ to NH, groups.

To fill up the pores and to introduce the desired
functional groups at the surfaces, different monomers
are caused to polymerize 1n the pores and at the
surface. In the case of a preferred type of particle,
the surface carries -OH groups connected to the
polymeric backbone through -(CH,CH,0),_,, linkages.
Other preferred beads carry -COOH groups obtalned

through polymerization of methacrylic acid.

Thus, for example, the NH, groups initially present
in the beads may be reacted with a diepoxide as
described in US Patent No. 4654267 followed by reaction
with methacrylic acid to provide a terminal vinyl
grouping. Solution copolymerisation with methacrylic
acid yields a polymeric coating carrying terminal
carboxyl groups as in R452 beads referred to below.
Similarly, amino groups can be introduced by reacting a
diamine with the above product of the reaction with a
diepoxide as in the R240, R442 and R469 beads, while
reaction with a hydroxylamine such as aminoglycerol

introduces hydroxy groups as 1n the M450 and L255 beads.
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™
Dynabeads M450 (diameter 4.5 microns) which may be

obtained from Dynal, Oslo, Norway have been coated with
a monomeric epoxide, resulting in a mixture of epoxy and
hydroxy groups. Contact with water however, converts
the epoxy groups to hydroxy groups.

Dynabeads M-280 (diameter 2.8 microns) are
polystyrene beads having hydroxyl groups which have been
converted i1nto tosyloxy groups by reaction with p-
toluene sulphonyl chloride. '

Using functionalised coatings of the above types,
we have found the non-specific binding of DNA and/or RNA
to be very low, particularly in the case of the
carboxylated beads.

As indicated above, the probe and RE linker are
preferably attached to the magnetic particles via
carboxyl groups, the DNA being firstly provided with a
5'-terminal amino group which can be made to form an
amlde bond with the carboxyl using a carbodiimide
coupling agent. 5'— attachment of DNA can also be
effected using hydroxylated magnetic particles activated
with CNBr to react with 5'- amino DNA.

The 3'-attachment of the oligonucleotide DNA can
also be effected by chemical synthesis. Here again, the
very uniform nature of the monodisperse particles
provides uniform reaction rates particularly suited to
synthesis in an automated synthesiser such as the Gene
Assembler (Pharmacia AS). The magnetic particle needs
to be provided 1nitially with a hydroxyl or protected
hydroxyl group. Dynabeads M-280 of Dynal A/S are well
sulted to this purpose. If necessary, however, other
surface functions such as carboxyl could be used to
attach a linker carrying a hydroxyl group or
alternatively a 3'-attached nucleotide.

5'-Attachment may be effected by coupling of 5'-
amino-oligonucleotides to tosyl-activated magnetic
particles. The latter may be produced by tosylation of
hydroxylated magnetic particles such as Dynabeads M-280
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of Dynal A/S. Displacement of the tosyloxy group leaves
the 5'-~amino group directly attached to the magnetic
beads.

Since biotin labelled nucleotldes are commercially
avallable, the 3'- end of DNA fragments can bhe labelled
using DNA polymerase and these may he conveniently bhound
to avidin or streptavidin attached to the magnetic
particles e.g. via a hydroxy group. The biotin label
nay be attached to the nucleotide by a spacer arm, such
as one or more c—aminocaproic acid moieties, to minimize
steric hindrance. _

In general, the functiocnalisation of the beadszs and
subsequent attachment of probes is advantageously such
3108
(1~300 pmols per mg). The uniform size of the magnetic

that each magnetic particle carries 10 probes.
particles is of advantage in ensuring uniform probe
density when the probes are reacted with the particles.
Uniform probe density is important in ensuring that all
the probes behave in substantially the same way in the
various procedures in which they are used.

It is a remarkable feature of the magnetic
particles that enzyme activity appears to take place
very close to the particle surface e.g. within 7 baszes.
Thus, if an RE site is present in a linker seguence as
discussed hereinafter and if the probe is subsequently
used as a primer, it is found that ssceDNA and hence ds

'cDNA can be synthesised by the DNA polymerasa past the-"'

RE site towards the bead surface and can thug itself

.readlly be cleaved by the appropriate endonuclease. In

the case of the carboxylated beads, 1t is found that the

micro-surface of the beads is extremely 1rregular,

presenting an unusually large surface area which may
reduce steric hinderance to hybridisation and enzyme

activity close to the surface. On the'other hand the
non-specific binding to such carboxylated beads is_not'
increased. However, for some uses it may'be desirable
to have only a single probe per bead. The apecific.'
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surface area of the magnetic particles is generally in
the range 2 to 50 m2 per gram. In general, the number
of probes per mz is 1n the range 20 to 5 x 105. The
extreme uniformity of the magnetic particles greatly
facilitates control of the probe density within close
limits.

cDNA syntheslis according to the invention may be of
use in many different contexts, for example total
conversion of cellular mRNA to cDNA to avoid problens

arising from the instability of mRNA, site directed

mutagenesis are as described in Canadian Patent Application

No. 2,003,502 detection and quantification of target nucleic

acids as described in Canadian Patent Application No.

2,003,501 and production of DNA for cloning.

The invention can be used with particular advantage
in subtraction cDNA library construction. Such
libraries are particularly useful 1n the study of cell
differentiation or modification.

One prior art method of studying cell
differentiation involves two dimensional gel
chromatography of protein cell extracts. The proteins
become separated by virtue of the size and the charge
which they carry when a charge 1s applied to the gel.
The pH and salt concentrations differ for the first and
second directions. Once a protein cell extract has
undergone two-dimensional gel chromatography it is
developed, i.e. stained in some way. The appearance and
disappearance of proteins during cellular differentation
can be monitored by the presence or absence of spots on
the developed gel.

The above method of studying differentation is very
time consuming. Glycosylated protelns appear as smears
on the gels, since the level of glycosylation varies.

The amounts of proteins isolated are very small and do
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not lend themselves to further study.

There is a great need for a method of studying cell
differentiation which is not only rapid but also
provides a route to obtaining sufficient quantities of
the proteins involved in differentation for further
study. In addition to natural cell differentation, it
1s also of great interest to study the products of cell
transformation, stimulation and/or virus infection.

A further aspect of the present invention is based
on the separation of mRNA from a first population of
cells, reverse transcribing to form a corresponding
first strand cDNA library and using this library to
extract the mRNA from the total mRNA of a second cell
population to leave behind the mRNA present only in the
second cell population.

The present invention provides, in a further
aspect, a process for the production of a subtraction
CDNA library relative to a population of cells and a
modified population of those cells including the steps
of: _
a) contacting a liquid containing the total mRNA from
a first one of said cell populations with an insoluble
support carrying 5'-attached oligo-dT probe whereby
substantially all said mRNA is hybridised thereto;

b) removing said liquid; '

C) using said oligo~dT probe as a primer contacting
the insoluble support with a reverse transcriptase ' '
whereby corresponding single strands of cDNA are formed
and removing the hybridised mRNA to provide a cDNA -
11brary attached to said insoluble support; -

d) contacting the insoluble support carrylng'attached
first strand cDNA with a liquid containing the total
MRNA of the second one of said two cell pOpulations_tO'
hybridise mRNA present in both cell populations: and

e) removing the insoluble support and attached mRNA to

leave 1n solution those mRNA molecules present only in
sald second cell population.
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cause pboth the introduction or activation of genes,
thereby producing added mRNA species, or removal or

switching off of genes, thereby preventing production of

certaln mRNA species. Consequently, it is of interest
to isolate mRNA (and hence produce cDNA libraries)
corresponding to both the added and the eliminated mRNA.

The mRNA newly formed by the modified cells can be
lsolated by choosing the unmodified cell population as
the first cell population in the process of the
invention, the modified cells being the second cell
population. Conversely, the mRNA eliminated by cell
modification may be isolated by choosing the modified
cells as the first cell population and the unmodified
cells as the second cell population.

The residual mRNA isolated in the above way may
then be used to make a subtraction cDNA library by any
desirable route. Such routes include binding the mRNA
to a insoluble suppoft having oligo-dT probes attached
thereto and the reverse transcribing to give single
stranded CDNA, as described above. |

The single stranded cDNA can be turned into double
stranded cDNA, provided with a suitable 'stlcky' end at

~the 3' terminus, e.g. a Hind III linker, 1nserted_1nto a
- vector by conventional techniques and cloned. The cDNA
‘can thus be transcribed and translated to glve protelns

elther 1ntroduced or ellmlnated by cell modification.
ThlS further method of the 1nventlon 1ls

advantageously performed with magnetic partlcles as the :

1nsoluble support and will now be deecrlbed in greater

.detall with reference to such partlcles

A magnetic probe is flrst prepared having an

- oligo (dT) sequence. The probe may be of 51m11ar

construction to the magnetic probes utlllzed in the
solid phase cDNA synthe81s described above except that
the restriction enzyme 31te(s) may be optlonally
omitted. Thus, the magnetic probe comprises an

Sl o
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oligonucleotide probe which contains an oligo (4T)
sequence coupled through itsg 5' terminus to a magnetic
particle. The magnetic probe is contacted under
hybridizing conditions with a suspension or solution of
either total RNA, or preferably total mRNA, from the
first cell population, i.e. the population in which the
gene(s) of interest are répressed. Maethods of preparing
extracts of total RNA or mRNA are indicated, supra.
Typically, about 5 mg of magnetic probe per 50 ug total
RNA (or 5 ug purified total mRNA) from the Ffirst cell
population may be utilized. Hybridization may be
conducted at room temperature for ten minutes in a high
salt medium, for example 100 ul 6X SSPE which nay
contain 0.1% SDS (sodium dodecyl sulphate). The
magnatic probe is then separated from the hybridization
mixture of magnetic separation, carrying along with it
the first cell population mRNA, which is coupled to the
probe by the hybridization of the probe oligo(dT)
sequence to the mRNA poly(A) tail, The probe may then
be washed in, e.g., 2X SSC or 6X SSC at 45°C.

The mRNA retrieved with the probe is then reverse

transcribed in _situ on the magnetic particle as

described nmore particularly above. The template mRNA is
removed from the DNA/RNA hybrid by, for example, heat ‘
treatment at 95°C for about 5 minutes or alkali |
treatment for 2 minutes. The nagnetic probe, with'the'
85 CDNA hybridized thereto, is magnetically separated.
The result is a magnetic ss cDNA library from the first
population cells. The library contains ss DNA
compleméntary €O mRNA expressed by the first population
cells, KR

- Before proceeding further, the oligo(dT) sequence
in the probe portion of the magnetic ss cDNA library
should be masked to avoid non-specific mRNA binding in
the subsequent hybridization step. This'may bes

accomplished by hybridizing to the prdbe an excess of
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the appropriate length oligo(A)mer. Thus, for example,
wherein the probe oligonucleotide contains a dT,.
sequence, and the dT sequence resulting from the first
strand cDNA synthesis that sequence may be masked by
hybridization with an excess of the DNA oligomer dA,q.
In the case where the library is formed using 5 mg of
magnetic beads as described above, the oligo(dT)
sequence may be masked by incubation with 500 picomoles
of the appropriate length oligo(dA)mer in 500 ul 6X
SSPE. Hybridization of the homopolymer sequences may be
achieved by incubation for about ten minutes at room
temperature, followed by washing of the magnetic cDNA
library in 500 ul 6X SSC at 40°C.

To the first population magnetic ss cDNA library
thus formed is added an extract of total RNA or total
mRNA from the second population cells, under hybridizing
conditions. Hybridization may be carried out, based on
5 mg of magnetic probe as prepared herein, by adding the
probe to 20 ug of total RNA (or 20 ug total mRNA) in
200 pl 6X SSPE, pre-warmed at 95°C for five minutes and
quenched on ice. The reactants are gently mixed and
allowed to hybridize. Hybridization may be achieved,
for example, by incubation for ten minutes at room
temperature.

The magnetic probe, now coupled to hybrid duplexes
formed of first population ss cDNA and mRNA from the
second cell population, is.magnetically'separated from
the reaction mixture. The unhybridized mRNA in the
supernatant comprises mRNA from:genes.repressed:in:the
first population cells, but expressed in the second
population cells. The magnetic ss cDNA library may be
regenerated by removing the hybridized second cell
population mRNA by any convénient'method for releasing
RNA from RNA/DNA duplexes. According to one such '
method, the magnetic RNA/DNA duplexes are-édded to-.

100 pl of 2X SSC and heat-treated at 95°C for five
minutes to melt away hybridized mRNA. Alternatively,
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more alkaline conditions may be used together with a
lower temperature. The regenerated first population ss
CDNA library may be reused in another round of
hybridization.

Preferably, the above procedure is carried out
utilizing purified total mRNA, rather than purified
total RNA. Where total RNA is employed as a source of
template RNA, hybridization of the magnetic probe
therewith yields somewhat less coupled mRNA per magnetic
probe than purified mRNA, owing to interference by non-
messenger RNA. The interfering effect of non-messenger
RNA can be compensated for, however, by incubating the
total RNA with a larger excess of magnetic probe.

Preferably, the differentially expressed mRNA from
the second population cells is contacted with additional
magnetic first population ss cDNA library, followed by
hybridization and magnetic separation, as above.
Repetition of this probing step with the first
population ss cDNA library insures that all of the mRNA
corresponding to the genes expressed in the first
population cells will be separated from the
differentially expressed second population mRNA. The
procedure may be repeated, as desired, to enrich the |
differential mRNA. |

| The relative enrichment of the differential mRNA'
may be conveniently monitored by 1ntrodu01ng 1nto the
RNA extract from the first populatlon cells an

irrelevant control poly(A)-containing RNA. Wheré,'for  

example, 5 ug purified total mRNA is utilized as the
source of template RNA in the generatlon of the magnetic
first population ss cDNA llbrary, S5 nanograms of control 
mRNA may be added to the purlfled total mRNA before
contact with the magnetic probe Thls amount of mRNA |
corresponds roughly to the amount of RNA Wthh would be
expected in the purified total mRNA for a med1um~ to
low-abundance transcript. |

A suitably labeled copy of the same control NRNA is
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also added to the total RNA or mRNA extract from the
second population cells. Following hybridization with
the magnetic first population ss cDNA library, the
amount of labeled control mRNA remaining in the
supernatant following magnetic separation is determined.

The label on the control mRNA may comprise any
detectable label suitable for labeling nucleic acid.
Preferably, the label comprises a radicactive label,
such as *P or »S. Such radioactive labels may easily be
monitored by scintillation counting. Methods of
radiolabelling nucleic acids are known to those skilled
in the art.

The supernatant containing the second population
mRNA not hybridized by the first population magnetic ss
cDNA is then utilized as template RNA for cDNA
synthesls. A solution or suspension of the unhybridized
second population mRNA is contacted under hybridizing
conditions with a magnetic probe, as described above,
comprising a probe oligonucleotide containing an
oligo(dT) sequence covalently coupled through its 5°
terminus to a magnetic particle. The probe
oligonucleotide further contains a sequence coding for
at least one restriction enzyme site. The restriction
enzyme site is located upstream of, that is, on the 5
side, of the oligo (dT) sequence. Formation of a
complementary c¢DNA library corresponding to the genes'.
repressed in the first population cells, but expreSséd'V
in the second population cells, 1is generated accordlng ‘
to the cDNA synthe81s method described above. The
library is sultably cloned by conventlon cDNA clonlng
techniques. , o .

The existence of differential cDNA clones may be
confirmed by any of the various hybridization blotting
techniques suitably for detecting specific RNA.
Differential cDNA as prepared above, thaﬁ.is, DNA

complementary to genes expressed in the second cell

population (but not expressed in the first population).-
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is denatured. Single strands thereof are contacted with
blotted total RNA from the second population cells.
Northernblot or dotblot procedures may be suiltably
employed for this purpose. The single-stranded
differential oDNA will hybridize to the blotted RNA from
the second population. Conversely, the differential
cDNA will not hybridize to blotted total RNA from the
firat population cells.

According to a still further feature of the
invention there is provided a kit for cDNA synthesis
comprising
(a) an insoluble support having DNA probes attached
thereto, and one or more ©of the following;

(b) a reverse transcriptase

(c) a polymerase and optionally a ligase and/or a nuclease

(d) deoxynuclecotides
(&) apﬁropriate buf faers.

The DNA probes will preferably bhe attached to the
support, which will advantageously comprise
superparamagnetic particles, via a linker sequence
containing an appropriate restriction site.

The following examples are given by way of

illustration only:~

Exanple l(a)
carbodiimide (EDC) mediated attachment of 5' ~NH, probes

to _carboxvl beads.

(a) The reaction used for attaching probes to carboxyl

beads is as follows. Amino groups introduced at the

5'-end of the probes using a one-step reaction method
described by Chu gt al. (Chu, B.C.F., and Orgel, L.E,
(1985) DNA 4, 327-331.), results in a greater
nucleophilicity of the terminal primary amine group of
the alkyl linkexr as compared to thé.amino'
functionalities of the bases. It was therefore expected
that the carboxyl groups on the beads would react ’

preferentially with these primary amino groups.
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100 ug 5'-NH2 modified probe in 600 ul of 0.1 M
imidazole~buffer pH 7, 0.1 M EDC were added per mg of
R452 carboxyl beads. The reaction mixtures were
incubated for 20 hours at room temperature with gentle
shaking.

(b) NH, modified probes were made using Applied
Biosystem synthesizer and Aminolink II™.

The coupling reactions were as follows:

10 g 5'NH, modified probe in 100 uxl of 0.1M
imidazole buffer pH 7.0, 0.1M EDC was added per mg of
R452 carboxyl beads. The reaction mixtures were
incubated for 20 hours at room tempefature on a roller
mixer (Coulter) followed by washing in TE buffer
containing 0.1M NaCl (4x).

Hydridization efficiency:
A range of beads with different amount of probe
attached were tested in hybridization experiments with a

complementary 25 mer polydT probe.
The beads covered the range 1-250 pmol probe

attached per mg beads.
Increasing amounts of 25 mer polydA oligonucleotide

hybridized with increasing amounts of probe attached.
193 pmol hybridized to beads with 250 pmol attached.
However, when the target molecule was in the range of
1000 bp (control mRNA Promega Corporation) there was no
difference in hybridization efficiency between the bead

with 100 pmol of attached probe compared with the more

densely coupled beads.

Example 2

Carbodiimide (EDC) mediated attachment of
5'-phosphate-probes to amino beads.

Probes were attached via a phosphoramidate linkage

to 3 different amino beads by the method described by
Ghosh et al. (Ghosh, S.S., and Musso, G.F. (1987)
Nucl. Acids Res. 15, 5353 - 5372.). The amount of DNA

Smidmd
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attached to the different beads varied from 1.4-11.3
micrograms/mg.

The R469 beads which carry an amino group at the
termini of an polyethylene glycol linker (8 atoms), bind
a larger amount of probes than R240 beads which carry
the amino group on a shorter linker (3 atoms). when the
linker is made longer (number of atoms 20) as in the
case of for the R442 beads, a decrease in the amount of
probes bound to the beads is observed. This is probably
due to secondary structures of the linkers which results
in the terminal amino group becoming unavailable for
coupling.

The amount of non-specifically bound DNA varies
amoung the beads (7-30%) probably according to number of
amino groups per unit of surface area. The R469 beads,
which bind the largest amount of probes covalently (11
ug/mg) , showed the lowest non-specific binding.

The acid lability of the phosphoramidate bond (Chu,
B.C.¥., Wahl, G.M., and Orgel, L.E. (1983) Nucl. Acids

Res. 11, 6513 - 6529.) is used for measuring degree of
end~attachment by acid hydrolysis. The amount

end-attached probes varies between the different beads
from 20-65%, and again, the R469 bead seems to be the
preferable one with 65% of the probes end- -attached. |
We were able to attach twice as much probe materlal |
to the R469 beads by performing the reaction in

imidazole buffer pH 7 for 3 hours at 50°C, 1nstead of pH'

6, for 24 hours at room temperature. An increase in
molarity of EDC from 0.1 M to 0.2 M resulted in a 20#-”

decrease 1n amount of probes on the R469 beads (data not'

| 'shown)
General Method

600 pmole (6 ug) of oligo A (36 mer) were dissolved

in 1 ml of 0.1 M imidazole, pH 7, 0.1 M-EDC~and'mixed'

with 5 mg of amino beads, and incubated for 3 hours at
50°C. ‘ ' ' B
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Example 3

Coupling of 5'NH, probes to tosyl activated beads
NH; groups were introduced at the 5' end of

oligonucleotides using Applied Biosystems DNA
Synthesizer 381A and Aminolink II to introduce the
primary NH, group at the 5' end. Aminolink IT is

supplied from Applied Biosystems. After synthesis these
amino modified oligonucleotides were used directly in
the coupling experiment.

Tosyl activated M-280 beads are commercially
available from DYNAL AS, Oslo.

Coupling procedure:

10 mg of tosyl activated beads were mixed with
50 u4g NH, modified oligonucleotide in 100 ul 0.5M Na,HPO,
and incubated at 37°C for 20 hours on a roller mixer

(Coulter) followed by washing in TE buffer containing
0.1M NaCl (4x).

Example 4

Direct svnthesis

Dynabeads R 488 beads were used. They are the same
beads as M-280 except that the diameter is 3. 15 microns
instead of 2.8 microns and they contain primary OH
groups on the surface as in the M-280 beads. '

'Using the synthesizer (Pharmacia Gene Assembler) '

the 3!' end of DNA will be attached to the surface._'

Only small modifications were necessary to fit the

3. 15 micron beads. In the standard small scale column'

from Applled Blosystems teflon fllters Wlth cut off at

3.0 mlcrons were installed, the beads loaded and the ,_'
column assembled.

Since this support does not contain dlmethyltrltyl
(DMTr) groups and this machine stops if no such chemlcal.
ls released in the first steps 1n the first cycle .small
modifications in the start procedure were 1ntroduced

The synthesis was started u81ng a standard ABI small
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scale column until the DMTr groups were released. Then
the Gene Assembler was stopped manually and the modified
column with magnetic beads was put into the Gene
Assembler. The standard synthesis programme as
recommended by the manufacturer was then followed.
Deprotection was as recommended by Pharmacia. Direct
synthesls was used to produce oligo(dT),; and the
following sequence from the C region of the kappa light
chain gene:

5'-TCACTGGATGGTGGGAAGATGGATACAGTTCCTGCA~3 ! .

Example 5
Materilals and methods

Magnetic beads
Dynabeads M-280 Streptavidin (Dynal A.S, Box 158,

N-0212 Oslo) were used as solid phase. These are
monodisperse superparamaghetic polymer particles with a
diameter of 2.8 ym covalently coupled with Streptavidin.
They have a surface area of 4.3 m%/qg.
Biotin binding capacity

100 ul 6 x SSPE (Standard saline with phosphate and
EDTA: Maniatis) containing 1 nmol‘MC-Blotln (Amersham)
was added to 0.5 mg beads (prewashed in 6 x SSPE) and

placed on a roller mixer (Coulter) at room temperature
for 15 minutes. g

After two separate washes in 6 X SSPE the fractlon..

of bound C-B:Lotln was measured by sc:.ntlllatlon '-
countlng

Deoxyollgonucleotldes

Deoxyollgonucleotldes were synthesized on an
Applied Blosystems 381A DNA synthesizer. |
Chemicals were purchased from Applled BlosystemsQf
5tamino modlfled deoxyoligonucleotides were made using
AminolinkII. N -
The 1mmunoglobulin light kappa chain'prbbe.ﬁsed
was: _ ' - | . - ' N “
5! ~TCACTGGATGGTGGGAAGATGGATACAGTTGGTCCA~S !
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Biotinvlation of probes

Biotin XNHS ester (Clontec N-succinimidyl of N-
biotinyl €-caproic acid) was used as recommended by the
supplier.

0.1 umol of NHy-modified oligo(dT),s in 90 4l of
water was added 10 xl labelling buffer (1M sodium
bicarbonate/carbonate, pH 9.0) and vortexed.

Finally 25 ul Biotin XNHS ester (100 mg/ml) in
dimethylformamide was added and incubated at room
temperature overnight.

Excess labelling reagent and buffer was removed in
a Sephadex G50 spin column.

The 5'Bilotin oligo(dT),; was endlabelled using the
£1ll in reaction by Klenow polymerase,'w-ﬁmP]wdTTP and

oligo(dA),s; as template. Excess label was removed using a
Sephadex G50 spin column.

Preparation of oligo(dT) Dynabeads (T-beads)
200 xg Bilotinylated 01igo(dT)os (24 n mol) in 2.5 ml

6 X SSPE was mixed with 50 mg prewashed Dynabeads M-280

‘Streptavidin and incubated on a roller mixer for 1§

minutes at room temperature.

After two washes in 6 X SSPE the beads were stored
at 4 Cin 6 X TE, 0.1 % SDS

Ollgonucleotlde hybridization assay

In the standard assay to measure hybridization
capacity of different batches of T~ beads,.o 1 mg of thefg

'beads in an eppendorf tube was washed once wnth 6 X o
~ SSPE, 0.1 % SDS. A magnet rack (MPC-~E, Dynal A. S., Oslo);-

was used to aggregate beads between each step
| “Afterremoval of the washlng,buffer 50 k1 | -
hybridization solution (6 x SSPE, 0.1% SDS), contalnlng
50 pmol of ollgo(dA)25 with trace amount (1-2 x 10 cpm)
a-[ P]-—dATP-labelled ollgo(dA)25 was added. | |
After gentle mixing the tube was left to hYbrldlZe3 -
for two minutes at room temperature ',' -
The hybrldlzed beads were washed twice w1th 2 X
SSPE, 0.1 % SDS at room temperature and the percentage
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of ol:.go(dA)zs hybridized to the ollgo(dT)25 Dynabeads was
measured in a scintillation counter.

Labelling of poly A mRNA tracer

L #xg 1200 bp mRNA with a 3'polyA,, tail (Promega)
was mixed with 2.5 pmol oligo(dT)miixxe)ul 5 X Klenow
buffer, 1 u RNasin (Promega), 10mM DDT. After two

minutes at room temperature 10£mﬁJT”ﬁmP]“dATP, 1 u

Klenow polymerase (Amersham) and water up to 50 xl were
added and incubation continued for 60 minutes at 15°C.

Excess w~ﬁmp]~dATP was removed using a Sephadex spin
column.

Buffers for poly(A) mRNA hyvbridization to Dynabeads
M-280 Streptavidin coupled with'o;igo(dT)ms
Poly (A) binding buffer:

0.5M LiCl, 10 mM Tris-Cl, pH 7.5, 1 mM EDTA, 0.1 %
sodium dodecylsulphate.
Middle wash buffer:
0.15M LiCl, 10 mM Tris-Cl, pH 7.5, 1 mM EDTA, 0.1 %
sodium dodecylsulphate. o
Elution buffer: 2 mM EDTA, 0.1 t SDS. Depending on the
subsequent use of the purified mRNA SDS may be omitted
in the last washing step and in the elution buffer.

Examples 6-8

The following RNAs are utilized to separately
prepare complementary DNA: (I)~Referen¢e mRNA supplied
with Riboclone™ cDNA Synthe31s System (Promega, Madlson
Wisconsin, USA), (II) mouse pancreas mRNA (Clonetec,
USA), or (III) hybridoma AB1l crude RNA extract, '
prepared from 2 x 10’ AB1 cells by the method of
Maniatis et al, supra, pages'187—l96. 1 pg of samples'I

‘and II, and 10 pg of sample III, each in 100 gl 6 x SSPE

are warmed at 100°C for 3 minutes, then quenched ih'ice-
water. Each solution is separately added to lmg of
magnetic beads R502 carrying the following probe

attached via a 5'-amino group to carboxyl groups on the
beads by EDC coupling: |
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Hybridisation of the beads probe to the RNA in the

samples 1s allowed to proceed at room temperature for 10
minutes. The probe is then retrieved with a magnet, and
washed twlce with 2 x SSC at room temperature. First
and second strand cDNA synthesis are performed according
to the RiboClone™ cDNA Synthesis System Technical
Manual, described as follows. For a total volume of

25 ul, the following components are combined with the
magnetic probe-linked template RNA in a sterile RNase-~
free microcentrifuge tube on ice in the following order
to form a first strand synthesis nixture:

e
Component Amount

Nuclease-free water to a final volume of 25ul
10x first strand buffer (500mM Tris-HCL,
pH 8.3 (42°C), 750mM KCl, 100mM

MgCl,, 5mM spermidine) 2.5ul
100mM dithiothreitol 2.5ul
40mM Na pyrophosphate ‘ . 2.5ul' |
10mM ANTP mixture 2.5ul -
RNasin ribonuclease inhibitor | ‘ 25 units
Reverse transcriptase o 15-unit8/ug.

RNA

T —— p—

The above components are mixed gently with the'magnetic'
probe-1linked témplate RNA. 5ul of the miXturejis
optionally removed to another tube contaihing’z-s ul Ci
of (a-°P)dCTP (400Ci/mmol) which has either been dried
down or 1s in less than 1u1 volume. This aliquot of'the
first strand synthesis mixture 1s used as a tracer
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reaction, that is, it may be used to measure first
strand synthesis by (a~’*P)dCTP incorporation, utilising
trichloroacetic acid precipitation and alkaline agarose
gel electrophoresis as more fully described in the
aforementioned RiboClone™ Technical Manual. Both the
main reaction and tracer reaction tubes are incubated at
40°C for 60 minutes and then are placed on ice. 1ul of
0.2M EDTA is then added to the tracer reaction. The
tracer reaction is diluted to a total volume of 20ul
with water and stored on ice. At least 3ul of the
tracer reaction mixture may be used for the
incorporation assay described more particularly in the
aforesaid RiboClone™ Technical Manual. The remaining
17ul may be used for gel analysis after extraction as
described in the RiboClone™ Technical Manual.

To the first strand main synthesis mixture tubes
containing magnhetic probe-linked RNA/DNA hybrids the

following components are added in the following order to
carry out second strand synthesis:

ot e o e e et e o4 P e e et A7 2t eeare e e e et e et s

Component Amount
(first strand synthesis mixture) (20ul)'_
nuclease-free water to a final volume of 100ul

10x second strand buffer (400mM Tris-HC1,
PH 7.2 850mM KCl, 30mM MgCl,,

1 mg/ml bovine serum albumin,
100mM (NH,),SO,)

100mM dithiothreitol . | 3ul

lmM nicotinamide adenine dinucleotide“ - 10ul |
E. coli RNase H | | 0.8 units
E. coll DNA polymerase I o . 23 units .
E. coll ligase . | 1 unit

* (a=**P)dCTP (400 Ci/mmol) ' 205uCi

—

A AP

* The radiocactive nucleotide is optionally used in a

r— P A w— M,
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separate aliquot of the above mixture for measurement of
second strand synthesis.

The above components are mixed gently and incubated
at 14°C for 2 hours. The mixture is then heated to 70°C
for 10 minutes, and the contents at the bottom of the
tube are collected by brief centrifugation and placed on
lce. In order to create a blunt end on the ds cDNA
terminus distal from the magnetic particle, 2 units of
T4 polymerase per ug of input RNA is added to the
mixture, which is incubated at 37°C for 10 minutes. The
blunt-ending reaction is stopped by adding 10ul 0.2M
EDTA. The mixture is placed on ice. At this point, S5ul
of the mixture may be derived for incorporation assay as
described in the RiboClone™ Technical Manual. The
magnetic probe/ds cDNA complex is retrieved with a
nagnet and washed with ligase buffer.

A restriction enzyme adaptor incorporating a

"HindIII RE site is then ligated to the distal end of the

magnetic probe/ds cDNA complex using T4 DNA ligase at
37°C in ligase buffer. The HindIII and PstI RE sites
are then cleaved using the appropriate enzymes to
simultaneously cleave the c¢DNA from the-maQnetic
particles and provide the required sticky end at the |
distal terminus. The magnetic particles are then '
removed by magnetic attractlon o _

The cDNA synthesis method of the 1nvent10n may be
used as follows for the preparatlon of cDNA from

'spec1flc genes haV1ng kKnown or partlally known DNA
' sequence. ' '

EXAMPLE 9

.

The mRNA for the kappawllght chain of monoclonal
antibody AB1, which antibody is spe01flc for a B-cell .
dlfferentla] antlgen, is isolated for CDNA syntheszs as_'
follows: '

Total crude RNA is'extracted from ABl cells by'the 
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LiCl-urea method described by Auffray et al., Eur. J.
Biochem. 107, pages 303-314 (1980). 10ug of the
resulting total RNA preparation in 100ml 6x SSPE is
heated at 95°C for 5 minutes, quenched on ice, and added
to lmg of a magnetic probe containing the nucleotide

sequence for the C-region of the kappa light chain gene:
5’-ﬁﬁh“TCACTGGATGGTGGGAAGATGGATACAGTTGGTGCA-3'. The

probe sequence 1s prepared with a 5'-terminal amino
group using an Applied Biosystem DNA synthesis machine,
using, for example, 12-MM Tritylaminododecyl-cyanoethyl
NN - diisopropyl phosphoramidate to introduce a group-
OPO, (CHy) ;,2NH, the 5'~OH group grouping. The probe
sequence 1s coupled to a magnetic bead through the 5!-
NH, terminus as in Example 2. The magnetic

probe/template RNA reaction mixture is allowed to
hybridise for 10 minutes at room temperature. Hybrids
are collected and washed twice in 500ul 2x SSC at room
temperature. Following washing, 160ul 6X SSPE is added
to the mixture and the magnetic probe is melted away
from the target kappa-light chain mRNA by heat treatment
at. 95°C for 5 minutes. The probe is then collected by
magnetic attraction. The supernatant containing the
kappa~light chain mRNA is added to an oligo(AaT),s
magnetic probe as described in Examples 2—4 contalnlng
three RE sites between the magnetic particle and the
0ligo(dT),s sequence. The mixture is allowed to
hybridize for 10 minutes and the procedure of Example 1
is followed to prepare ds cDNA fragments. Thése '
fragments are subsequentiy ligated into the_Cloning
vector pGEM-32 and used to transform E. coli. .

Example 10

0.5 mg of a 5% suspension Qf'pandéx avidin |
particles (0.77 um in diameter, (Baxter Healthcare Corp,
Mundelein, Illinois, USA)) in phosphate buffered saline
(PBS) were mixed with 500 pmol of S'blotlnylated ollgo~
dT,s and incubated at room temperature for 15 minutes.
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All sedimentation and washing procedures were performed

sing an Eppendorf centrifuge for 3 minutes. The
particles were washed twice in 100ug PBS to remove
excess free oligonucleotide.

100 pug of the pandex oligo-dT particles and 0.5 Lg
Promega control mRNA (a 1.2 kb Kanamycin mRNA containing
30 A residues as polyA 3'tail) were treated as described
in Example 2 but with the only difference that instead
of a magnetic separation step with magnetic beads, a 3
minutes eppendorf centrifugation step was introduced in
order to wash and change buffers. Incubation of aliquots
of first and second strand buffer with (&*’P)dCTP made it
possible to follow the cDNA synthesis.

The gene coding for the above mMRNA contains a
HindIII restriction site. After cDNA synthesis on the

‘pandex particles when the first strand was labelled

using (a32P)dCTP, incubation was effected with HindIIT
to test the quality of the newly synthesised c¢DNA. The
pandex beads with cDNA attached, were incorporated in
the (a’P)dCTP first strand, treated with HindIIT and the
supernatant run on a 1.5% agarose gel. A distinct band
of expected size was visualized on an X-ray f£ilm.

Example 11

The purpose of this experiment'is to make a
subtraction cDNA library corresponding to genes that'are
transcribed in the dlfferentlated B-eell llne "Rajl“ but .

‘not in the stem cell line KM3.

Constructlon of "magnetlc" 1. strand cDNA 11braryﬁfrom
the KM-3 cell line | | | |

PolyA mRNA from the KM~3 cell llne and the Rajl
cell line was purified u51ng magnetlc beads 7T ug of

the purified KM~3 mRNA, 5 ng unique control mRNA

(Promega Riboclone kit), was added to 5 mg of magnetlc

beads, R502, carrylng an ollgo dTmrnucleotlde probe,
with a resulting hybridization capacity of 16 pmols:per‘



2003500

30

ng beads.

The hybridization was carried out in 200 ul

6 X SSPE for 10 minutes at room temperature. The beads
were washed once in 500 pul 6 x SSPE at 40°C for S

5 minutes to remove nonspecific binding and unbound mRNA.

The beads were then resuspended in 100 ul 1.strand

CCNA synthesis buffer and components as supplied by the
Promega Riboclone kit as follows:

10 Component Amount
Nuclease-free water to a final volume of 100 ul

10x first strand buffer (500 mM Tris-HC1,
PH 8.3 (42°C), 750 mM KCl, 100 mM MgCl,,

5 mM spermidine) 10 ul

15 100 mM dithiothreitol 10 ul

40 mM Na pyrophosphate 10 ul

10 mM dANTP mixture 10 ul
RNasin ribonuclease inhibitor 50 units
Reverse transcriptase 75 units

20 10 uCi a-[**P]-dATP (Amersham)

The above components were gently mixed with the
magnetic probe-hybridized template RNA and incubated at
42°C for 60 minutes. The beads were now collected by
magnet and washed once in 500 ul TE (lO'mM Tris-HCl pH

25 7.4, 1 mM EDTA) to remove excessive reagents and twice

in 500 pl 0.2 N NaOH, 0.5 N NaCl to remove the template
mRNA and finally resuspended in 200 pl 6 x SSPE. Bead-

bound radioactivity was measured to estimate the amount
and effectiveness of the 1.strand cDNA synthesis.  Thé
30 magnetic l.strand KM3 cDNA(ss) 1ibrary was mixed with
200 pmols of an oligo dA,.~nucleotide and left to ' |
hybridize for 10 minutes at room temperature to cover '
the polydA region, 25-200 bases long, originating from
the RET-primer and reverse transcribed polyA tail of the
35 mRNA. This region is covered to avoid binding of the
polyA tails of the Raji mRNA. After hybridiZation,

excess oligo dA;; is washed away in 6 x SSPE at room
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temperature. After washing the beads were resuspended
in 200 ul hybridization solution of the following
composition:
50% formamide
> X Denhardt's solution (50 x Denhardt's solution
contains 5 g Ficoll, 5 g polyvinylpyrrolidone, 5 g
Bovine Serum Albumin, water to 500 ml)
5 X SSPE
0.1% SDS

2 pug purified polyA mRNA from the Raji cells and
1 ng radicactive labelled (50.000 cpm) control mRNA was
added to the l.strand library and left to hybridize at
42°C.

After 20 minutes incubation the solution was
transferred to a 50°C waterbath for S minutes to
increase stignency. Then the beads with hybridized mRNA
were collected by magnet. The '"supernatant" was
transferred to a new tube. |

The remaining test mRNA in the supernatant was
found to be 9% of the amount added, indicating that 90%
of common homologous mRNA had been removed. This was
even more than expected since we in this experlment

1started with a maximum of 3-~fold excess of KM3 1. strand

CDNA (from 6-7 ug mRNA) compared to 2 Lg of Rajl mRNA.

The beads carrying the KM3 1. strand CDNA llbrary |
were regenerated by washing twice in 0.2 N NaOH, 0. 5 N
NaCl, resuspended in 6 x SSPE, rehybridized with ollgo | _
(dA) 5., then added to the supernatant still contalnlng 9/7"
of common mRNA together with "subtractlon" mRNA.

The second round cf subtraction was carrled cut as
the 1. round. ' T

The resulting supernatant now contained less thah

1% labelled tracer mRNA - (The exact percentage was

uncertain due to low cpm- count) ‘This extremely good
result was expected 51nce the KM3 1. strand cDNA's on the
beads (still from 6-7 UG mRNA) Nnow reacted Wlth only
9% or 2 ug homologous mRNA giving a 30 fcld.mclar
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excess. Since no further rounds of subtraction seemed
to be necessary the supernatant with subtracted mRNA was
added to 2 mg of fresh beads with RET oligonucleotide
probe and hybridized at room temperature for 10 minutes.

After washing in 2 x SSC at room temperature cDNA
synthesis was performed.

A Hind III linker was ligated to the free end of
the double-stranded cDNA, cleaved with Hind ITT enzyme
and released from the beads with PstT cleavage. After
separation from the beads the cDNA was now phenol
extracted (to destroy restriction enzymés), ethanol
precipitated and ligated into the shuttle cloning vector
pCDM8.

After ligation the recombinant plasmids were
transformed into E. coli. The transformed E. coli cells
harboring the cloned subtraction cDNA library were
(after 1 hour to allow antibiotic resistance phenotype
expression) subjected to antibiotic pressure and
amplified for 5 doubling times. Thereafter glycerol was
added to 15%, the mixture divided into 0.5 ml batches,
quickly frozen in liquid nitrogen and stored in =70°C

‘until further use.
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Claims

1. A process for the production of ¢DNA which includes
the steps of:

a) contacting a liquid containing mRNA with an
insoluble support consisting of monodisperse
sdperparamagnetic particles having DNA probes attached
thereto via the 5'-terminus thereof whereby the mRNA is
hybridised to said probes ‘and hence to said support;

b) removing said liquid; and

C) adding enzymes and nucleotides in solution whereby
the probe functions as a primer to produce single
stranded cDNA on the MRNA templates.

2. A process as claimed in claim 1 in' which the DNA

probes are attached to the support via a DNA sequence

containing at least one restriction site.

3. A process as claimed in claim 1 or claim 2 wherein
the probe is oligo-dT. | o |

4, A process as claimed in claim 1 or. claim 2 in which
the probe is a specific DNA sequence. |

5. . 'Aprooess as claimed in claim 4 in which the

- specif:.c DNA sequence corresponds to a conserved region

in a class of mRNA molecules

6. A process as claimed in any of ‘the precedlng claims
wherein the single stranded cDNA is subseqguently
converted into double stranded DNA..

7. A process as claimed in any of the preceding claims
for the production of a. cDNA su.btractlon library
relat:l.ve to a population of cells and a modified
population of those cells 1nclud.1ng the steps of:
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a) contacting a liquid containing the total mRNA from

a first one of said cell populations with an insoluble

support consgisting of monodisperse superparamagnetic

particles carrying'S'-attached oligo-dT probes whereby

substantially all said mRNA is hybridised thereto;
b) removing sald liguid;

c) using said oligo-dT probe as a primer adding
enzymes and nucleotides in solution whereby
corresponding single strands of cDNA are formed and

removing the hybridised mRNA to provide a CDNA library'
attached to said insoluble support;

d) contacting the ingsoluble support carrying attached

first strand cDNA with a liquid containing the total
MRNA of the second one of said two cell populations; and
e) removing the insoluble support and attached mRNA to
leave in solution those mMRNA molecules present only in
sald second cell population.

8. A process as claimed in claim 7 wherein the
insoluble support bearing the ¢cDNA library at step c¢) is
treated with oligo-dA before step d) to avoid non-
specific mRNA.binding-

g. A.process ag claimed in any of the preceding claims
which includes washing steps and changes of buffer to
optimise hybridisation and enzyme activity.

10. A kit for cDNA synthesis comprisingi
a) an insoluble support consisting of monodisperse
superparamagnetic particles having DNA probes attached

thereto, and one or more of the following:

1) a reverse transcriptase .

ii) a polymerase and.optidnally a ligase and/or a
nuclease ' -

111) deoxynucleotides

iv) appropriate buffers.
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