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1. Introduction

We are approaching the problem of isolating specific
mRNA#* molecules by the use of a synthetic deoxy-
ribo-pligonuclectide, complementary o a portion of
the mRNA, covalently attached to a solid support.
This will be used to isolate the mRNA by hydrogen
bonding specifically to the complemeniary 1egion.

Considerable evidence derived from model studies
wsing synthetic deoxyribo-oligonvcleotides attached
to cellulose suggests that this approach is feasible with
short oligonucleotides within the range of chemical
synthesis [1, 2]. Purely statistical considerations pre-
dict that an oligonucleotide, © or 10 residues long,
should be vnigue in a molecule the size of the T4
genome {~ 2 X 10° base pairs) [1, 3]. Also supporting
this idea are the obsarvations of Wu that deoxyribo-
oligonucleotides as short as a nonamcleotide can be
specifically hybridized to phage genomes, e.g., the
cohesive ends of phage A [4] or phage 186 [5]. How-
ever, efficient and specific binding to a very long single

_stranded molecule may be complicated by the presence
of self-complementary sequences and the larger number
of potential sites and may require the use of longer

oligonucleotides. 11 has been reported that in hybridiza-
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tion of short complementary oligenucleotides to single
strands of ¢80 psuy DNA a hepiadecanucleotide could
be specifically bound to the r-strand of the DNA. It
has been suggested that the base sequence of the oligo-
nucleotide plays a large part in determining the shortest
oliponucleotide which will bind effectively [6]. We
have focused our efforts on the mRNA for Iysozyme
from T4 since the work of Streisinger ¢t al. [7, 8] on
the amino acid sequences of lysozymes from a variety
of frame-ghift mutants has defined a tract of abeut 20
nucleotides in this mRNA.

We have synthesized a series of oligenucleotides up
to a dodecanucleotide complementary to a part of this
region and have examined their hybridization to T4
specific RNA and to single strands of T4 DNA. The
resuits sugges: that the dodecanuclestide can bind
specifica’ly to its complementary secuen:e on a long
single stranded nuclei acid and should therefore be
useful in isolation of lysozyme mRNA.

2. Materials and metho ds

2.1. Chemicals

Depxyribonucleoside 5 ".phosphat.s were obtained
from Raylo Chemicals, Edmonton, Aibertza. All other
chemicals were reagent grade and were purified exten-
sively before use. y>2P-ATP {specific activity > 20/
mmol) was ¢ “izined from New England Nuclear Corp.

" T4 polynuclentide kinass 'was the gift of Dr. R.C. Miller,

other enzymes were from P.L. Biochemicals. Phags

-stocks were obtained from Dr. B.D..Hall and RNZ

99



Volume 34, number 1

dpA dpC dpT
| - l
6;»;" dpclr"" {dpT),
CEdpA®? dpCA"0Ae {dpT),0AC
] N
dpAPipCAn . CEdpaPiprin, dpAVpCMpT),
!
apG dpT §
i IE CEdpATHCAYET),
dpG® dpTOAc
.: ,
CEIpGBY pG BT o dpGMBTOA

AP A PP PGP ETOA -—«!pskpc"wy?;ﬁ
dpTpG G HpAMPCANET) pGPT ——uiom CEpTGP 6™ BTG ps™
X

dlpG‘m"p?mOAﬁ; CEdpT
apSPpeE <p¥
dpG ApGOp, o dpG e CEpGH
Bz » < HoCO~ iBo = {CH,).-CH-CO—

Ana PCHO-CH-CO~  CE « NC-CH CHO—

Fig. 1. Schematic representation of the chemical synthesis
of some oligonucieotides complementary to T4 lysozyme
mRNA.

prepared from E. coli B infected with T4 acqg or the
lysozyme deletion mutany G223 was the gift of Dr,
E.T. Young, both of the University of Washington,
Seattle.

2.2. Synrhesis of a dodecanucleotide

The dodecanucleotide dpT—G—G—-A—-C—-T—-T—-T—
T—T—G~T (XII) and the heptanucleotide dpA—C—
T-T=T~T~T (VII) and nonanucleotide dpA—C—T—
T—T—T—-T—G-T (IX) were synthesized by the meih-
ods of Khorana et al. These procedures have been ex-
tensively feported [S]. A similar oligocnucleotide corre-
sponding, instead of complementary, to this region of-
the lysozyme gene of T4 has been synthesized nsing
slightly different methods by Narang et al, [10]. The
strategy of the synthesis is shown in fig. 1.

- 2.3. Labelling of oligonucleotides with 32P
The terminal 5’-phosphate group was removed from
- the ohgomlcleotxdes by £. coli alkaline phosphatase
and the 5 termini xephosphorylated with 739P-ATP and
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T4 polynucleotide kinase using the method of Richard-
son [11]. Okigonucleotides VII, X1 and XiI! in fig. 1

were labelled in this way. - .

2.4, Freparation and strand separation of phage DNA

High titre phage stocks, grown on E. ¢oli B in M9
minsral salt medivm supplemented with tryptophan,
were purified by sedimentation throngh 5—20% sncrese
gradients. The phage DNA strands were separated by
the (U, G) binding technique {12].

2.5. Hybridization of synthetic oligonucleotides fo
DNA and RNA in solution

The RNA user in these experiments was isolated
from E. coli B infected for 20 min with T4 or the
lysozyme deletion mutant G223, it was not further
fractionated. Typical hybridization solutions contained
100 ug of RNA and i pmole of labelled oligonucleotide
in 0.5 ml of 70 mM sodium chiorde, 70 mM potassium
phosphate pH 7.0. The mixturs: was heated to 65°C
for 5 min then cooled to 37°C and incubated overnight.
The sample was applied to a colvmn of Sephadex
G-50 (27 em-X 0.9 ¢m) and elried at 25°C with the
buffer.-1 ml Fractions were collected and added io
5 ml of water and the 2P measured by iis Cerenkov
radiation [13].

Hybridization to T4 phags DNA strands was per-
formed in 9.5 ml of 0.15 M sodinm chloride, 0.015 M
sodinm citrate, pH 7.0 (88C). Varying amounts of
labelled oligonucleotide were hybridized to 5 ug ali-
quots of DNA for 16 hr at temperatures between 0°C
and 45°C before being separated on colummns of
Sephadex G-100 {27 cm X 0.9 cm). 1 ml Fractions
were collected, added to 5 ml of water and the 32P
measured by its Cerenkov radiation.

2.6. Hybridization of labeiled oligonucleatides to DNA
immobilized on nitrocellulose filters
© DNA strands were immobilized on Millipore HAWP
{5 ug DNA per 25 mm disc). Hybridization was carried
out by the method of Denhardit [14]. The hybridized
filters were finally dried and the 32P measured in a

- PPO—POPOP—toluene scintillation fluid,

3; Results and discussion-

The sesults f%om the hybridization of oligonucleo-
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Fig. 2. Hybridization in solution of ¥2P-labelled oligonurizo-

tides to RNA preparations from T4 inF.eted E eoli. Conditions

were as described under Maierials and methods.

tides to RNA preparations, as shown in fig. 2, dispizy
an interesting gradation of effecis. As expected no
hybridization at all was deiected with the heptanucleo-
tide VII under the conditions employed. Under the
same conditions the ncnanucleotide IX showed some
binding both to RNA from £, coli infected with wild
typz T4 and to RNA fromr E. coli infected with the

T4 mutap® 223 lacking almost the entire Iysozyme
gene. This suggests that some site cutside the lysozyme
gene is binding the oligonuclectide, In a control experi-

nucleotide, X1, showed considerable binding io both
RNA preparations but skowed a marked preference

for the wild type RNA. This RNA seemed to bind
several tir e: more oligonucleptide than would be ex-
pected (about 5.8 pmol/ug total RNA) on the basis of
estimaies of the amount of lysozyme mRM A present in
the preparation {about 1 pmol/mg toial RNA). How-
gver, uncerixiniies in this kind of estimation make it
difficult to quantitate these dala accurately.

The wse of purified intact DNA strands znabesa
more acenrate idea of the amount of binding to be
obtained. Typical results from DNA hybridizations are
shown in fig, 3. Twoe major conclusions zan be drawn,
firstly that the clizruvclentide hinds preferentiaily o
the H strand as <ofired by Gohe and Szybalski j12].
This is as expe:ted since lysozyme mRTIA is known
to be transcrib2d from the L strand [15]; thus the

d 01 )
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Fig. 4. Hybridization of 3*P-labelled dodecanucleotide 1o
DNA strands from wild type T4 acq on nitrocelinlose filtess.
Each filter carried D.04 pmol of DNA strand.

sequence of the oligonucleotide is the same 25 the L
strand and should complement the H strand. Secondly,
both DNA strands of the deletion mutant G223 are
equivalent in that they bond only small amountis of the
oligonucleotide suggesting that the site of binding is
within the Iysozyme gene.
The amount of oligonuclzotide bound to a DNA
strand when the binding site is saturated can be deier-
mined by solution hybridization using increasing
amouvnts of cligonucleotide. This is more conveniently
done, however, by use of the filter hybridization
technique. In fig. 4 are shown the resulis of a satura-
tion experiment in which filters carrying separated
strands of wild type T4 DNA were challenged with in-
creasing amounis of labelled dodecanucleotide. As in
the case of the solution hvbridizations there is a marked
- preference for binding to the H strand. This binding
seerns 1o level out ot sbout D.09 pmel of nucleotide
bound to 0.04 pmol of DNA. This is more than twice
the theoretical value for sicichiometric binding, how-
ever, if the L strand fignres are used as a blank and

. subtracted, a value close to the predicted one is vb-
tained, Denhardt’s method utilizes 3 X SSC as'the sol-
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vent for hybndmanon, it would be interesting to Iuepeai
these saturation experiments at lower salt concentra-
tions to see the effects of this on the degree of binding
at sainration. Experimenis ars in progress with DNA
from other lysozyme mutanis having stightly altered
base sequence in the area of the synthetic dodecamu-
cleotide. 1t is hoped that these will define more exactly
the specificiiy of the hybridization.

From these results it seem sthat a sp2eific interac-
tion can be obiainzd between the synthetic dodeca-
nucleotide and T4 lysozyme mRNA or T4 DNA
strands. Therefo:= it is reasonable to suggest that using
this oligonucleotide or an insoluble support [1, 2] a
method could be developed for the isolation of T4
bysozyme snRNA.
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