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1. Introduction

Methylation of cellular and viral mRNA seems to
be a general event necessary for the expression of a
genetic message. This post-transcriptional modifica-
tion of mRNA is not restricted to m’Guo at the 5"-end
of a polynucleotide chain since m® Ado can also be
present at the 5'-terminus [1]. Furthermore, numerous
mRNAs contain m® Ado as internal methylated nucle-
otides [1-3].

Methylation of mRNA has been extensively stud-
ied. However, the precise role of internal methylated
nucleotides in mRNA still remains unclear. Antibodies
specifically directed against m’Guo or m®Ado allow
specific interaction to be achieved with these minor
constituants of the mRNA molecule.

The preparation of antibodies directed against
methylated nucleosides has been reported [4]. These
antibodies allowed retention of nucleosides, cap struc-
tures and tRNA on immunoadsorbant columns [5—7]

. and it has been shown that, in cell-free protein syn-
thesizing systems, antibodies directed against m’Guo
can inhibit specifically the in vitro translation of cap-
ped mRNA [8,9].

Electron microscopic experiments demonstrated
the binding of such antibodies to the 5'-end of the
ASV RNA [10].

We report here, the effect of antibodies directed
against m® Ado on a wheat germ cell-free protein syn-
thesizing system programmed with RNA extracted
from cells 4 h after infection with herpes simplex

Abbreviations: m®Ado, N-methyladenosine; Hepes, 4-(2-
hydroxyethyl)-1-piperazine-ethanesulfonic acid; Temed,
N,N,N',N'-tetramethylethylenediamine; enzyme, creatine
kinase (EC 2.7.3.2)
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virus type 1. We chose this time of infection because
it had been reported that the cellular and viral mRNAs
were highly methylated at this time {11—14]. Such
mRNAs should be a good target for evaluating the
effect of antibodies directed against m®Ado on an in
vitro translation system.

2. Materials and methods

2.1. Chemicals

ATP, GTP, creatine kinase, creatine phosphate were
from Boehringer (Mannheim). Adenosine, N®-methyl-
adenosine, bovine serum albumine, dithiothreitol,
Hepes were from Sigma Chemicals Co. (St Louis MO).
Amino acids and sodium dodecyl sulphate (SDS) were
from BDH Chemicals (Poole). Carboxylmethyl-cellu-
lose was from Carl Schieicher and Schiill (Kenne,
USA). Caprylic acid, enzacryl AH and PPO were from
Koch Light (Colnbrook). Crystallized DNase free {from
RNase was from Worthington Biochemicals (Freehold
NJ). NalO, and NaBH, were from Fluka (Muttenz
Switzerland). POPOP was from Packard Instruments
(USA). *C-Labelled uridine (53.9 Ci/mmol) from
CEA (Saclay). **S-Labelled methionine (932.5 Ci/
mmol) and 3H-labelled adenosine (35 Ci/mmol) were
from New England Nuclear (USA). N®-Methyladeno-
sine (96 Ci/mmo1) was *H-labelled by isotopic exchange
by CEA (Saclay). Acrylamide, bisacrylamide and
Temed were from Eastman Kodak (Rochester NY).
All other chemicals were from Merck (Darmstadt).

2.2. Preparation of antigens and immunization of
rabbits
Antigens were prepared by coupling nucleosides to
albumin according to [15]. All steps were performed
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at 4°C. The molar ratio of conjugation of nucleosides
to bovine serum albumin was 15:1 for m® Ado:albumin.
Rabbits were immunized according to [15].

2.3. Preparation of immunoglobulins
Immunoglobulins were extracted from antisera
according to [16]. To eliminate any nucleolytic activ-
ity, immunoglobulins were purified according to [17].

Purified immunoglobulins were tested for possible
nucleolytic activity. No degradation of *H-labelled
poly(U) was observed after 10 min incubation at 37°C,
with purified IgGs [18]. No degradation of **C-label-
led rRNA was observed on sedimentation profiles on
sucrose gradients after 1 h incubation at 30°C with
purified IgGs.

2.4. Immunoabsorbant columns

m®Ado and Ado were coupled to Enzacryl AH;
30 mg nucleoside oxidized with NalO, were added to
2 mg Enzacryl AH in acetate buffer (pH 5.2). The
mixture was kept 24 h at 4°C with gentle agitation.
Columns were extensively washed, then aliquots of
antiserum (2 ml) were adsorbed on the immunoabsor-
bant. Immunoglobulins were prepared from the non-
adsorbed fractions.

2.5. Radioimmunoassays
The specificity of immunoglobulins was determined
by the membrane filter assay [19] as modified in [20].

2.6. Cell culture, extraction of RNA and assays in vitro

The procedure for propagation and maintenance
of human epidermoid carcinoma no. 2 (HEp2) cells
and production of the F strain of herpes simplex virus,
HSV-1 (F) was performed as in [21].

Cells were infected with 25 p.fau, of HSV-1/cell,
and 4 h after infection, RNA was extracted. Assays of
protein synthesis in vitro were performed as in [22].

2.7. Polyacrylamide gel electrophoresis

Analysis of products of assays in vitro was per-
formed by electrophoresis on SDS--polyacrylamide
gel slabs according to [23]. Treatment of gels for flu-
orography was performed as in [24].

3. Results

3.1. Specificity of immunoglobulins
The specificity of immunoglobulins was evaluated in
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ligand binding experiment by the radioactivity retained
by antibodies incubated with various amounts of *H-
labelled nucleosides (fig.1). The amount of m®[*H]-
Ado retained in these experiments was dependent on
the concentration of m®[*H] Ado, while [°H} Ado
was not significatively retained. It can be concluded
that the methyl group in position V® is immunodomi-
nant in the hapten response.

3.2. Effect of purified immunoglobulins on protein
synthesis in vitro

The RNA extracted from cells after 4 h infection
with HSV-1 was preincubated 1 h at 30°C, and 1 h at
0°C, with increasing amounts of immunoglobulins.
The translation of this RNA in a wheat germ cell-free
protein synthesizing system, evaluated by the incor-
poration of **S-labelled methionine in the acid-insol-
uble fraction, was inhibited by 35% with 0.4 ug IgG
to m®Ado and by 61% with 0.8 ug (table 1, assays 2,
3). When similar amounts of immunoglobulins from a
preimmune serum were used, no effect was observed.
Therefore the inhibitory effect of antibodies to m® Ado
could not be attributed to a non-specific effect of im-
munoglobulins.
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Fig.1. Radioimmunoassays. IgG (70 ug) were incubated in a
total volume of 120 ul with various amounts of m®[*H]Ado
(96 Cifmmol) or [*H]Ado (35.2 Ci/mmol) in Tris—NaCl
buffer; 100 ul were then filtered on pre-wet Millipore filters
(22 mm, 045 um). Filters were washed with 3 X 2 ml buffer,
dried and counted in a standard scintillation mixture; (o)
Ado; (=) m®Ado.
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Table 1
Effect of antibodies to m®Ado translation in vitro of RNA
from cells infected with HSV-1

Addition [**S]Methionine Inhibition
(dpm) incorp. (%)
in 5 pl assay

(1) None 25702

(2) 0.8 uglgG 10092 61%

(3) 0.4 uglgG 16 778 35%

@) 0.8 uglgG

adsorbed cn

m®Ado 25212 2%
(5) 04 ugleG

adsorbed on

méAdo 24 922 3%
(6) 0.8 pglgG

added without

preincubation 26 308 0%

Assays were done as in section 2: total volume of assays was
50 ul; assays (2--5), RNA was preincubated for 1 h at 30°C
and 1 h at 0°C with IgG; assay (6) 0.8 ug IgG was added as a
beginning of a translation reaction without preincubation
with RNA

The lack of degradation of either *H-labelled
poly(U) or C-labelled rRNA, after incubation with
immunoglobulins demonstrated the absence of nucleo-
lytic activity from the preparation.

To ascertain the specificity of this inhibition, the
same antiserum was adsorbed on m®Ado or Ado cova-
lently linked on insoluble matrixes and IgGs were pre-
pared from the eluates. IgGs prepared from the serum
adsorbed on Ado columns retained the inhibitory
activity (table 2, assays 2,3), whereas IgGs prepared
from antiserum adsorbed on m® Ado lost their capacity
to inhibit in vitro translation (table 1, assays 4,5).

It can be concluded that inhibition of the in vitro
translation of the RNA extracted from cells infected
by HSV-1 was due to a reaction between the anti-
bodies and the m®Ado of the RNA. Since m®Ado is
also present in tRNA and rRNA [24],in order to deter-
mine the target of the antibodies, we have added the
IgGs to m®Ado at the beginning of in vitro translation
reaction. No inhibitory effect was observed when the
RNA was not preincubated with IgGs (table 1, assay
6).

The formation of an immunocomplex between
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Table 2
Effect of antibodies to m®Ado extracted from serum
adsorbed on Ado column

Addition [**S]Methionine Inhibition
(dpm) incorp. (%)
in 5 ul assay

(1) None 58 157 -

(2) 045 pglgG 34 458 41%

(3) 0.25 pglgG 48445 17%

Total volume of the assays was 50 ul: assays (2,3), RNA was
preincubated for 1 h at 30°C and 1 h at 0°C with IgG
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Fig.2. SDS—polyacrylamide gel electrophoresis of products
synthesized in vitro. Lanes (1-6) assays programmed with
RNA extracted from cells infected with HSV-1: (1,2) RNA
was preincubated, respectively, with 0.8 and 0.4 ug IgG to
m®Ado 1 h at 30°C and 1 h at 0°C (table 1 assays 2,3);
(3,4) RNA was preincubated with 0.8 and 0.4 ug of IgGs
adsorbed on m®Ado column (table 1 assays 4,5); (5) RNA
not preincubated (table 1 assay 1); (6) RNA + 0.8 pg IgGs
added without preincubation (table 1 assay 6); (7) Infected
cells labelled in vivo with [**C]valine, ['*CJisoleucine and
[**Clieucine; (8) no RNA.
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RNA and immunoglobulins seems to be necessary to
obtain the effect described. Furthermore, this inhibi-
tion is not due to interaction of immunoglobulins
with ribosomes since no antibodies were found to
cosediment with 80 S ribosome on sucrose gradients
(not shown).

To visualize the dose-dependent inhibition of in
vitro translation by antibodies, aliquots of incubation
mixtures were analyzed on SDS—10% acrylamide slab-
gel.

The dose-dependent inhibition of incorporation of
35S-labelled methionine into polypeptides synthesized,
when RNA was preincubated with IgGs was confirmed
(fig.2 lanes, 1,2 cf. lane 5). The migration pattern of
the products obtained by translation of RNA extracted
from infected cells was not modified when IgGs were
added at the beginning of the incubation (fig.2, lane
6). Furthermore, the in vitro products in assays pro-
grammed with RNA preincubated with IgGs extracted
from antiserum adsorbed on m®Ado column gave the
same migration profile (fig.2 lanes, 3,4 cf. lane 5).

Thus the observed inhibition of in vitro translation
could be attributed to the specific interaction of the
antibodies with mRNA translated in our system.

4. Discussion

Our results show that antibodies directed against
m®Ado inhibit protein synthesis in a wheat germ cell-
free system programmed with RNA extracted from
cellsinfected with HSV-1. The specificity of antibodies
and the fact that IgGs purified from antiserum adsorbed
on m®Ado covalently linked to an insoluble matrix
did not show any inhibitory activity provide evidence
for a specific interaction of these antibodies with
m®Ado in RNA. The site of interaction of antibodies
could have been mRNA, ribosomes or tRNA. We
showed that inhibition of protein synthesis in vitro is
obtained only when the RNA used to program the
system is preincubated with the antibodies and that
no marked effect on protein synthesis in vitro is ob-
served when immunoglobulins are added at the begin-
ning of the translation reaction.

This suggests that the inhibition of in vitro transla-
tion is not due to interactions between antibodies and
tRNA or rRNA. In fact, we were unable to detect any
significant interaction between labelled antibodies
and 80 S ribosomes. Thus we attribute the inhibitory
effect of antibodies to m® Ado on protein synthesis
in vitro to their interaction with mRNA.
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In cellular and viral mRNA extracted from cells
infected with HSV-1, m® Ado has been found in the
cap structure and as internal methylated nucleotides
[11—14]. Our results can not distinguish between
these two locations, but the fact that all polypeptides
synthesized in vitro were affected similary by the anti-
bodies suggest that all types of translated mRNA mol-
ecules have one or more m®Ado.

These results demonstrate the specificity of the
antibodies directed against m® Ado and the accessibil-
ity of the antigenic site along the polynucleotide chain.
Such specific tools should allow us to detect the pres-
ence of m®Ado in different kinds of mRNA with the
electron microscope.
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