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A transcription and translation coupled reticulocyte lysate system was established for
rapid screening of antisense oligodeoxyribonucleotides (ODNs) to determine which are
most effective for mRNA translation-arrest. A plasmid containing the target cDNA under
the control of the T7 (or SP6) promoter was added to the lysate system in the presence of the
T7 (or SP6) RNA polymerase, RNase H, and the antisense ODN under test. Transcription and
translation were accomplished in a one-tube reaction. Translation-arrest caused by
antisense ODN was evaluated in terms of the amounts of de nouo-synthesized, [36S]-
methionine or [36S]cysteine labeled target protein measured by gel electrophoresis and
autoradiography. The properties of this system and optimal reaction conditions for use in
antisense ODN screening were determined. Our method is simpler and more rapid than
other in vitro screening methods.

Key words: antisense oligonucleotide, de novo synthesis, in vitro screening, transcription
and translation coupled system, translation-arrest.

In recent years, many laboratories have successfully sup-
pressed expression of target genes through the use of
antisense oligodeoxyribonucleotides (ODNs) (1-3). Due to
their high specificity of action, antisense ODNs are poten-
tially useful for studying cellular and viral gene functions
and as therapeutic agents for viral infection and cancer (3-
6). Problems in the use of antisense ODN, such as insuffi-
cient stability and rate of uptake of ODN are being solved
by utilizing oligonucleotide analogues or ODN conjugates
(3, 5, 7, 8). However, to determine the ODN sequences
which are most effective for arresting translation of a target
mRNA is still important and difficult.

Due to the presence of secondary structure in mRNA and
possible effects of the translation process, no rules have
been established for prediction of the regions or sequences
most effective in translation-arrest. The effectiveness of
antisense sequences may be dramatically different (9-11),
even for sequences which are in tandem array (12). Two
methods for in vitro screening of effective antisense ODNs
have been described: (i) antisense ODN-target mRNA
hybridization assay (9, 23), and (ii) antisense ODN-target
mRNA hybridization followed by translation assay (6, 14).
However, the first method does not reflect the process of
translation arrest caused by antisense ODN. In the second
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method, production and translation of the target mRNA are
achieved by different systems and the procedure is quite
inconvenient. In this report, we use a modified transcrip-
tion-translation coupled reticulocyte lysate system for
screening of effective antisense ODNs. This method is
rapid, convenient and mimics the in vivo translation
occurring in mammalian cells.

MATERIALS AND METHODS

Materials—The in vitro transcription-translation cou-
pled system used for the assay was a rabbit reticulocyte
lysate-based TNT™ system purchased from Promega
(Madison, WI). Fifteen-meric antisense ODNs were
custom-made by DNAFax (Taiwan, Republic of China).
RNasin nuclease inhibitor and pGEM-3zf( + ) plasmid were
purchased from Promega. [35S]Methionine (1,175 Ci/
mmol) and RNase H were purchased from Amersham
(Amersham, UK) and GibcoBRL (Gaithersburg, MD),
respectively.

Construction of an In Vitro Transcription Vector-
pGEM-E6—The E6 gene of the type 16 human papil-
lomavirus (HPV-16) was obtained by polymerase chain
reaction using HPV-16 plasmid as a template. The 5'-end
primer and 3'-end primer were 5'-CTGAATTCAAGAGA-
ACTGCAATGTTTCA-3' and 5'-CTGGATCCTTACAGC-
TGGGTTTCTCTAC-3', respectively, which amplified a
468-bp fragment containing 12 nucleotides upstream of the
initiation codon to the end of the E6 stop codon. The
sequences GAATTC and GGATCC underlined are EcoBl
and BamYQ. restriction sites that were introduced into the
primers for cloning purposes. After restriction digestion,
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the E6 DNA fragment was inserted into pGEM-3zf( + )
vector at the same restriction sites. Using this construct, in
vitro expression of the E6 gene was driven by the T7
promoter of pGEM-3zf( + ).

Stability of ODN in TNT Reticulocyte Lysate System—
Fifteen nanograms of an antisense oligomer was 5'-end
labeled using [y-3IP]ATP (6,000 Ci/mmol) (NEN, Du
Pont) and T4 polynucleotide kinase. It was then mixed with
excess unlabeled oligomer (final concentration 62.5 ^M)
and 1 fji\ of the mixed oligomers was added to the TNT
reaction mixture (see below). The reaction mixture was
incubated at 3TC for different periods of time. The integ-
rity of ODN was analyzed by electrophoresis in a 20%
polyacrylamide-7 M urea gel followed by autoradiography.

In Vitro Translation-Arrest Experiment—The standard
reaction mixture of an in vitro translation-arrest assay for
antisense ODNs was as follows: TNT lysate 12.5 ft\, TNT
reaction buffer 1 //I, ammo acid mixture minus methionine
0.5 fil, T7 RNA polymerase 0.5//I (the above reagents
were supplied in the TNT kit), RNasin ribonuclease in-
hibitor (40U///1) 0.5 n\, [35S]methionine (1,175 Ci/
mmol) 1 n\, RNase H (0.5 U///1) 1 ul, pGEM-E6 DNA (1
Hg/n\) 1 n\, antisense ODN (62.5 //M) 1 /i\, nuclease-free
water 6 //I. The reaction was incubated at 37°C for 50 min.
An equal volume of 2 X SDS loading buffer (2% SDS, 10%
/ff-mercaptoethanol, 0.06 M Tris-Cl, pH 6.8, 20% glycerol,
and 0.01% bromophenol blue) was added, followed by
boiling for 8 mm. The de nouo-synthesized proteins were
electrophoresed in a 10% SDS-polyacrylamide gel. The gel
was dried and autoradiographed using a phosphor screen
(Molecular Dynamics, CBL, CA).

translation-arrest, a transcription-translation coupled reti-
culocyte lysate-based system was used. This system
directly assayed the effects of antisense ODNs on transla-
tion products in a one-tube reaction. The HPV-16 E6 gene
was chosen as a model to demonstrate the feasibility of this
approach. An in vitro transcription plasmid of E6, pGEM-
E6, was first constructed. Since the 5'-terminus of the E6
sequence was inserted into the EcoBI site of the pGEM-
3zf(+) vector localized at a site only 5 nucleotides down-
stream from the transcription initiation site of the T7
promoter, the possible effects of the vector sequence on the
secondary structure of the E6 transcript were minimized.
Five 15-meric normal ODNs complementary to different
regions of the E6 mRNA were synthesized (see Table I).
The effectiveness of these sequences for translation-arrest
was tested in a commercial preparation of transcription-
translation coupled reticulocyte lysate-based system (the
TNT™ system as described in "MATERIALS AND METH-
ODS"). The stability of ODNs in this system was first
determined by incubating a labeled ODN in the TNT™
reaction mixture and analyzing the mixture by gel electro-
phoresis. The result, shown in Fig. 1, indicates that most of
the ODN was still intact after incubation for 50 min at 37°C.

To evaluate whether the TNT™ system was suitable for
the monitoring of translation-arrest caused by antisense
ODNs, the experiments shown in Fig. 2 were conducted.

kDa 1 2 3 4

66

5 6

RESULTS AND DISCUSSION

To rapidly screen for the most effective antisense ODNs in
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Fig 1. Stability of ODN in the TNT reticulocyte iysate system.
The upper bands represent labeled ODNs and the lower bands
indicate unincorporated [y-"P]ATP.
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Fig. 2. In vitro production of E6 protein (18 kDa) in the
presence or absence of different reaction components. The
antisense ODN E6-2 and control ODN E6-2S were used in this
experiment. " + * and " — * indicate the presence or absence of the
reaction components, respectively. The arrow indicates the de now
synthesized E6 protein.

TABLE I. Sequences of antisense oligomers complementary to different regions of E6 mRNA.
ODNs
E6-1
E6-2
E6-3
E6-4
E6-5
E6-2S

Sequence
GGTCCTGAAACATTG
GTCGCTCCTGTGGGT
GTGGTAACTTTCTGG
GTCATATACCTCACG
CACCGACCCCTTATA
GCTGCTCTCGTGGTG

Complementary to the region
Initiation region
Coding region
Coding region
Coding region
Coding region
Scrambled sequence of E6-2

Nucleobde position*
- 2 - 1 3
11-25
26-40

118-132
381-395

G+C content
0 47
0.66
0.6
0.47
0.53
0.66

" + 1 " was the "A" of the initiation codon of the E6 mRNA.
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The results indicate that the 18-kDa E6 protein was
produced in the absence of the E6 antisense ODN (Fig. 2,
lane 3). The addition of the antisense ODN, E6-2, did result
in an inhibition of the E6 protein production (Fig. 2, lane 4).
On the other hand, E6-2S, a scrambled sequence of E6-2,
had no effect at all (Fig. 2, lane 6). RNase H, which digests
the RNA sequence in an RNA-DNA duplex, has been
reported to play an important role in translation-arrest
induced by antisense ODNs (15, 16). Although RNase H
usually exists in dividing cells, RNase H activities are
generally low in commercial preparations of rabbit
reticulocyte lysate (25). To mimic a more realistic m vivo
situation, exogenous RNase H was added to the TNT™
reaction mixture. The addition of exogenous RNase H
augmented the inhibitory effect, but only in the presence of
an antisense ODN (see Fig. 2; compare lanes 4 and 5 with
lanes 6 and 7). The results imply the formation of duplexes
of ODN and target mRNA in this system. Besides the
18-kDa E6 protein, there was a 50-kDa protein produced
even in the absence of the transcription plasmid and the T7
RNA polymerase (Fig. 2, lane 1). Apparently, the 50-kDa
protein was system-borne, translated from mRNA origi-
nally existing in the reticulocyte lysate. However, this
protein was undetectable if [35S]cysteine was used instead
of [36S]methionine (data not shown).

Antisense ODNs complementary to different regions of
the E6 mRNA (see Table I) were next tested for their
effectiveness in translation-arrest by the modified TNT™
method described above. Antisense ODNs E6-2 and E6-4
suppressed protein production to 90% (Fig. 3A, lanes 4 and
6, respectively). However, E6-1, E6-3, and E6-5 ODNs
were much less effective (Fig. 3, lanes 3, 5, and 7). The
decreased effectiveness of E6-1, which was complementary
to the translation initiation site of the E6 gene, was
consistent with the in vwo study of Storey et al.(17). They
found that antisense ODN complementary to the initiation

region of E6 only caused a slight reduction in E6 synthesis
in the cervical epithelial tumor cell line, CaSki. To prove
that the inhibitory effects of the antisense ODNs were not
caused by a suppression of transcription, the E6 mRNA
synthesized in each reaction mixture containing different
ODNs was monitored. There were no significant differences
in the synthesis of E6 mRNA among these reactions, except
for the control, in which no pGEM-E6 was added (see Fig.
3B).

To elucidate the dose-response relation and the speci-
ficity of the antisense ODNs, we added to the assay system
different amounts of antisense ODN E6-2, and an unrelated
plasmid, pGEM-DAg, which expressed the small delta
antigen (24 kDa) of the hepatitis delta virus regulated by
the T7 promoter. A dose-dependent decrement of E6
protein production was found (Fig. 4A, lanes 3 to 6 as
indicated by the arrow). However, E6-2 had little effect on
the expression of the delta antigen (Fig. 4A, lanes 3 to 6,
arrowhead). Similarly, increasing amounts of E6-2S had no
effect on the expression of the E6 protein (Fig. 4B, lanes 1
to 4). This result indicates a high sensitivity and specificity
of antisense ODN in translation-arrest in this system.
Furthermore, the inclusion of an unrelated plasmid, such as
the small delta antigen-expressing plasmid, could be used
as an internal control to normalize possible individual
quantitative differences in the assay. Thus, percentage of
inhibition resulting from a specific ODN could be calculated
more accurately as follows:

ratio of target protein to control protein
in the presence of antisense ODN
ratio of target protein to control protein
in the absence of antisense ODN

24

20

E6
mRNA

20

1 2 3 4

Fig. 3. Screening of effective antisense ODNs by TNT system.
A: The translation-arrest caused by different ODNs was monitored.
Lane 1, no pGEM-E6, lane 2, no antisense ODN; lanes 3 to 7, reaction
mixture containing 2 5 ;/M antisense ODN E6-1, E6-2, E6-3, E6-4, or
E6-5, respectively Each reaction contained 20 U/ml RNase H. The
arrow indicates the de /wuo-synthesized E6 protein. B: The de novo-
synthesized E6 mRNA in each reaction was monitored In this
experiment, however, [<r-"P]ATP was added instead of ["S]meth-
ionine Each reaction product was then run into a 5% denaturing
polyacrylanude gel followed by autoradiography.

Fig. 4. Specificity and dose-response relation of antisense
ODN. A: The reaction mixture contained 1 //gof pGEM-E6, 0.5 //gof
pGEM-DAg, and different amounts of E6-2 (lanes 3-6). Lane 1, no
DNA; lane 2, only pGEM-E6 was added; lane 3, no antisense ODN;
lane 4,0.3 //M E6-2; lane 5,1.25 //M E6-2, lane 6,2.5 /zME6-2. The
arrowhead shows the delta antigen of hepatitis delta virus. The arrow
indicates the E6 protein. B: The reaction mixture contained 1 fig of
pGEM-E6 and different amounts of E6-2S. Lane 1, no antisense
ODN; lane 2, 1.25 /<M E6-2S; lane 3, 2.5 JIM E6-2S; lane 4, 5 0 //M
E6-2S.
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TABLE n. Synergistic inhibitory effect caused by antisense
ODNs, E6-2, and E6-3.°

ODN added
E6-2 1.25 - 2.5 - 1.25
E6-3 - 1.25 - 2.5 1.25
Inhibition (%)b 80 50 90 65 92

"E6-2 and E6-3 are in tandem array (see nucleotide positions in Table
I). The percentage inhibition shown is the mean value of duplicated
experiments.

The sequences of E6-2 and E6-3 were in tandem array
(see nucleotide positions in Table I). ODNs E6-2 and E6-3,
when added simultaneously, cooperated to exert a syner-
gistic effect on translation-arrest (see Table II). This
observation may allow us to reduce the effective dosage of
antisense ODNs.

In conclusion, the modified TNT™ reticulocyte lysate
system is a rapid and convenient method for screening
antisense ODNs effective for translation-arrest. This
method is useful when antibodies against the target protein
are not available or when there are no clear phenotypic
characteristics suitable for monitoring.
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