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In our previous experiments (Yoshida and Azuma, 1985), we observed that
only a part of the poly rl:rC bound to RK-13 cells played a role in IFN induction,
indicating the presence of specific poly rl:rC receptors on cell membranes for
IFN induction as well as nonspecific binding. The possibility that an interac-
tion between viral surface component(s) and cell surface membrane may
trigger type 1 IFN induction, has also been reported (Capobianchi er al., 1985;
Ito and Hosaka, 1983; Kohase and Vilek, 1979; Yoshida, 1985). On the other
hand, Kelley and Pitha (1985) demonstrated the adsorption and internalization
of poly rl:rC into murine cells, and suggested that internalization is required
for the induction of IFN. One way to examine the mechanism of IFN induction
is to isolate the cellular factors that mediate the induction signal (Riordan and
Pitha-Rowe, 1985). °

In this paper, we report on the identification and isolation of specific poly
rl:rC receptors participating in the IFN induction from the cytoplasmic
membranes of cultured cells.

Materials and Methods

Chemicals. Poly rl:rC and poly rA:rU were obtained from Yamasa Shoyu Co., agarose-poly
tl:rC type 6 from Pharmacia, octylphenoxypolyethoxyethanol (Nonidet P40) and ethidium
bromide from Sigma, peroxidase-conjugated anti-mouse IgG from Cappel Laboratories, mr-
labelled anti-mouse IgG goat F(ab’), and adenosine 5’-gamma->*Pltriphosphate ({gamma-”?
ATP, 185 TBg/mmol) from Amersham International plc., T4 polynucleotide kinase from
Promega Biotec, and Eagle’s minimum essential medium (MEM) from Nissui Seiyaku Co.

2p.poly rl:rC and 32p_poly rA:rU were prepared by 5’-phosphorylation of these polynucleo-
tides with {gamma-”l’ ATP and T4 polynucleotide kinase by using a slight modification of the
method described by Lillehaug and Kleppe (1975). Briefly, the reaction mixture consisted of the
following components, in a total volume of 1000 u1: 40 mmol/i Tris-HCI (pH 8.0), 10 mmol/I
MgCly, 5 mmol/l dithiothreitol, 14 units of T4 polynucleotide kinase, 3.7 MBq of [gamma-
32}% ATP, and 1 mg of poly rl:rC or poly rA:rU. After incubation at 37 °C for 6 hr with shaking, the
mixture was applied on the column of Sephadex G-25 (Column PD-10, Pharmacia) equilibrated
with 10 mmol/! phosphate buffered saline (PBS, pH 7.4), and eluted with PBS to remove low
molecular weight substances. 32p.|abelled poly rl:rC and poly rA:rU were diluted with MEM, and
then used for binding assay.

Cell cultures. RK-13 and PR-RK cells, derived from RK-13 cells by repeated treatment with poly
r1:rC (Yoshida and Azuma, 1985), were cultivated in MEM supplemented with 10 % calf serum
(MEM-CS10). After a confluent cell sheet was formed, the serum concentration was decreased to
5% (MEM-CSS5) for experiments.

Cytofluorometric analysis of poly I:C binding to cells. Confluent monolayer cultures of RK-13 and
PR-RK cells were dispersed by treatment with 0.02 % EDTA in PBS, fixed with cold 70 % ethanol,
and then washed 5 times with PBS. Cells were immediately treated with 100 4 g/ml of poly rl:rC or
control buffer at 37 °C for 30 min, washed 3 times with PBS and stained with 0.001 % ethidium
bromide. The stained cells (108/ml) were run in a cytofluorometric analyzer, Shomedic Cell
Sorter C8-20 (Showa Denko Co.).

Preparation of antiserum to RK-13 cell specific antigens. BALB/c mice were immunized with
RK-13 cells and the antiserum obtained was adsorbed with PR-RK cells to remove antibodies
against common antigens of PR-RK and RK-13 cells, as described previously (Yoshida and
Azuma, 1985). The antibody titer of anti-RK-13 serum to RK-13 and PR-RK cells were assayed by
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nitrocellulose membrane (Toyo Roshi Co.) in a buffer containing 25 mmol/l Tris, 192 mmol/1
glycine (pH 8.3)-methanol, 4:1 (v/v) in a transfer cell (Nihon Eido Co.) at 4 v/cm for 2 hr. After
transfer, the nitrocellulose membrane was placed in 2 ml of PBS-FS10 and then in 2 ml of PBS
containing 50u 1 of 6D1 monoelonal antibody. The protein bands which bound to the 6D1 were
developed by ELISA.

Results

The time course of binding of *2P-poly rl:rC to cells was examined. As can be
seen in Fig. 1, *P-poly rl:rC bmds to PR-RK and RK-13 cells maximally 10 to 30
min after addmon Binding of 32P-poly rI:rC to PR-RK cells was only 60 % of
that to RK-13 cells. Relative amounts of poly rl:rC bound to RK-13 and PR-RK
cells were compared by the method of cytofluorometric analysis. Ethidium
bromide can interact not only with the double stranded DNA but also with the
double stranded RNA, so that the adsorption of poly rl:rCto a cell increases the
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Fig. 1
Binding of 32P-poly rI:rC to RK-13 and

PR-RK cells
32p_poly r1:rC was added to RK-13 (e) and
1 | | PR-RK (a) cell sheets grown in wells of
60 plate and incubated for desired periods at
10 30 37 °C. The cell sheets were washed with

PBS and the radioactivity of cell sheets
Time (min) was counted.
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to RK-13 cells and PR-RK cells, though the binding of poly rl:rC to PR-RK cells
was agam lower than that to RK 13 cells. Competition experiments of binding
between 3 P poly rl:rC and cold poly rl:rC or poly rA:rU revealed that (a) the
binding of 32P-poly rl:rC competed W1th cold poly rI:rC on RK-13 cells but not
on PR-RK cells, and (b) the binding of 3%p- poly rl:rC did not compete with cold
poly rA:rU on RK 13 and PR-RK cells (Table 2). These results show that poly
rA:rU can bind to PR-RK cells and that poly rl:rC binds to the sites of cell
membrane different from the sites binding with poly rA:rU. They also confirm
our previous conclusion (Yoshida and Azuma, 1985) that the resistance of
PR-RK cells to poly rI:rC is not due to the increased RNase activity which
degrades dsRNAs. In our previous report (Yoshida and Azuma, 1985), we have
also shown that the antiserum to RK-13 cells which had been adsorbed with

Table 1. Binding of 32P-polynucleotides on RK-13 and PR-RK cells

Binding (cpm/ug protein) on
Polynucleotides

RK-13 PR-RK PR-RK/RK-13
321’-poly l:rC 1941 + 106 1364 + 159 0.70
32p.poly rA:rU 624 + 46 686 + 82 1.10

Conditions as Fig. 1, except that 3’21’-poly rA:rU was also used and incubation time was 1 hr.

Table 2. Competition between >2P-poly rl:rC and cold polynucleotides in binding to RK-13 and
PR-RK cells

Binding (cpm/ug protein) of 32p.poly rI:rC on
Cold polynucleotides

RK-13 % PR-RK %
None 1941 £ 106 (100) 1364 £ 159 (100)
Poly rl:rC 1000 pg/ml 1110 £ 157 57 1242 = 63 91
Poly rL:rC 500 pg/mi 1277 £ 179 (66) 1104 £ 75 (81)
Poly rA:rtU 1000 pg/ml 2017 + 161 (104) 1845 + 234 (135)
Poly rA:rU 500 pg/mi 2017 £ 223 (104) 1516 £ 259 (111

Cold polynuc,lc(mdcq were added to the cell sheet as in Fig. 1 and incubated at 37 °C for 1 hr and
washed with PBS. **P-poly rl:rC was then added to the cultures, which were then incubated at
37°C for 1 hr, washed, and the radioactivity was counted.
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Analysis of the difference between RK-13 and PR-RK cells revealed the
adsorption of poly rI:rC on cell surface both participating and nonparticipating
in IFN induction. In the present study, binding of poly rl:rC to RK-13 cells
attributing to the biological effect of poly rl:rC was confirmed. Furthermore,
poly rL:rC binding components were fractionated from cytoplasmic
membranes of RK-13 cells by affinity chromatography with agarose-poly rl:rC
and FPLC. In the FPLC fractions, poly rl:rC binding activity was detected, even
though the fractions consisted of heterogenous components. Because of the
heterogeneity of fractionated receptor sample, we analyzed these fractions by
Western blotting method with a monoclonal antibody which was bound to
surface of RK-13 but not to PR-RK cells, and also inhibited IFN production in
RK-13 cells by poly rl:rC. Only one 60K protein was detected as poly rl:rC
specific receptor protein. This finding, however, does not rule out the possibi-
lity that the other proteins (Fig. 6) are the parts of poly rl:rC specific receptor, or
that these are the proteins binding poly rl:rC non-specifically. Further experi-
ments are now in progress to clarify these points.
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