


198 PARK, H.T. et al.: DEFECTIV

E RSV PRODUCTION BY MYOTUBES

mRNAs (38 S, 28 8 and 21 §) were detected at their normal
level in infected MT (Tanaka er «f, 1992). However, syn-
thesis of the env and v-src proteins (translated from the 28
Sand 21 § mRNA, respectively) was significantly reduced
in infected MT, while the gag and pol proteins (both trans-
lated from the 38 § mRNA) were synthesized at the normal
level (Hsia et al., 1992).

In this paper, we provide clectron microscopic evidence
that RS V-infected terminally differentiated MT release vi-
ral particles into media. However, the low env/gag and fo-
cus forming unit (FFU)/reverse transcriptase (RT) ratios of
the viral particles produced by infected MT suggested that
these particles mostly consisted of env-deficient, infection-
defective virions, In contrast, microinjected viral DNA pro-
duced infectious virus in MT.

Materials and Methods

Cells and virus. Preparation of MT and CEF cells from 10-
day-old C/0O chicken embryos was dese viously (Kobayashi
ration of ir

and Kaji, 1978}, For the pr ceted MT, the latter
were culturee 051 ‘ 15

hrs after e Sultures were then infe
ity of approximately 1~ 5 FFU per nueleus with a Schmidt-Rupin
subgroup A strain of RSV (S5RA), which was a gift from Dr. H,
Hanafusa of the Rockefeller University. Cultures at 4 — 5 days
post infection (p.i.) were used for the analysis of progeny viral
particles. M(‘)rmmwlmtcr‘i cells from MT culture (myogenic

fibroblast, MF) were prepared by trypsinization of 5-day-old MT
cultures. These represented the small number (about 1%) of

mononucleated cells present in the MT culture. Focus assays were
carried out essentially as previously described (Vogt, 196%).

RT assay. The virion RT activity was assayed using poly(A})-
oligo(dT),, as the template as described previously (Grandgenett
et al, 1973). The RT activity was expressed as units per ml of the
original medium containing the virus, One unit incorporates
I nmole of deoxynucleotide into trichloroacetic acid-precipitable
form in 10 mins at 37 °C (Houts et al, 1979),

Purification of radiolabelled virus by sucrose gradient. Prepara-
tion and purification of radiolabelled virus were done essentially
according to Huntet al, (19793 with some modifications, Four plates
of infected secondary CEF cultures were labelled on days 1 to 2 and
4to 5 p.i. using § ml of methionine-free Eagle's minimum essential
medium (MEM) containing ¥S-methionine (50 pCi/ml; 1200
Ci/mmeol), 2% foetal calf serum and 1% dimethylsolfoxide, The fa-
belled viruses were pelleted by ultracentrifugation and purified by
gradient centrifugation first over the 10~ 50% linear sucrose gradi-
ent and then over the 20 - 50% sucrose gradient. The purified par-
ticles were lysed in RIPA bufTer (150 mmol/l NaCl, 10 mmol/l Tris-
HCL pH 7.2, 1% (w/v) Na-deoxycholate, 1% (v/v) Triton X-100,
0.1% (w/v) 8DS), immunoprecipitated and examined by poly-
acrylamide gel clectrophoresis (PAGE) as described previously
(Tanaka and Kaji, 1983).

Pulse labelling and analysis of the virion profeins. The infected
MT culture (107 nuclel) and the infected MF culture (107 cells) on

day 4 p.i. were pulse-labelled with *S-methionine at 100 pCi per
ml of Earle's balanced salt solution per 10 cm dish at 36 °C for
1 hr. Immediately after removal of the labelling medium, each cul-
ture was chased by an incubation with 7 ml of muscle medium at
36°C for 3.5 hrs. The Jabelled viral particles released into medium
during the chase were clarified at 1,500 x g for 20 mins at 2 °C.
The viral particles were pelleted in Lhu Beckman SW27 rotor at

25,000 rpm at 2 °C for 1 br. The pellet was resuspended in NTE
buffer and pelleted again as above. The viruses were then disrupted
and immunoprecipitated according to the procedure of Oppermann
et af. (1977} and analyzed as above,

Electron microscopy was performed as described in our previ-
pus work (Yoshimura et al,, 19817,

Micrainjection was performed according to the published method
(Grraessmann e al, 1980). The molecularly cloned SRA, pSRAZ
(Delorbe et al, 1980), was purchased from the American Type
Culture Collection (catalog No. 45000}, The purified pSRA2 DNA
(115 mg in 17 ul) was digested with Sall to completion, and the
released SRAZ2 DNA was purified by agarose gel electrophoresis.
The RSV expression vector pREV™ (Nemeth et al, 1989) was a
gift from D, 1S, Brugge of Ariad Pharmaceuticals Inc., Cambridge,
MA. The SRA2 DNA and pREV-DNA were suspended in sterile,

1% KCat a final concentration of 6 ng/ul for SRAZ DNA or 8.6
ng/pl for pREV DNA (mehmk et al, 1981). Following the
microinjection, a greased cloning ring (7 mm inner diameter) was
placed around the microinjected cells (600 nuclei), and 0.3 mi of
medium was placed in the ring. The culture fluid was harvested
every day for § days and the focus assay was done as described
previously (Vogt, 1969).

Results
Electron microscopic observation of the infected MT

In order to determine whether or not infected M7 pro-
duce viral particles, electron microscopy was carried out.
Fig. | shows a section of MT releasing progeny viral parti-
cles. The areas where the particles were present in Fig. 1
were nof intracellular vacuoles but indented extracellular
areas as evidenced by the double membrane layer surround-
ing them. A control electron microscopy picture of un-
infected MT did not show any particles resembling those
shown in Fig. 1.

Analysis of the virus particles released from infected MT

In the experiment shown in Fig.2, viral proteins in the
released viral particles were examined. Infected MT cul-
ture was labelled with ¥*S-methionine and the radioactivity
was chased with regular medium, The labelled viral materi-
als in the medium were purified by centrifugation through
sucrose density gradient (10 —~ 50%). Fractions correspond-
ing to the peak of radioactivity were collected and subjected
to immunoprecipitation analysis. The sedimentation pattern
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nated area of MT. No infectivity was produced under such a
condition (data not shown). This observation ruled out the
possibility that the DINA that might have leaked out from
the micy
viral particles.

Discussion

Our previous work (Tanaka er al., 1992) was consistent
with the earlier finding that RSV DNA integration is de-
pendent on host IINA synthesis (Varmus ef al., 1977; Var-
mus ef al, 1979; Humphries et al, 1981; Varmus and
Swanstrom, 1984}, In MT, in which cl‘"n"()mmurrml DNA
synthesis is irreversibly stopped by the terminal differentia-
fon pre (Stockdale and Holtzer, 1961; Pullman and
Yeoh, 1978; Kobayashi and Kaji, 1978; Lim and Hauschka,
1984), no viral DNA integration was observed and the viral
LiNA rernained unintegrated. In this paper we presented
evidence indicating that viral particles are produced by RS V-
infected MT, establishing that RSV replication is not de-

pendent on host cell DNA synthesis. However, the particles
wmi uced by RS V-infected MT were mostly defective. We
conchude that infected MT produced env-deficient particles
with a greatly reduced infectivity, In contrast, viral DNA
rx"m‘wmirfnjm:tc'd mnto MT produced particles with a normal
infectivity. The exact reason why RSV DNA injected into
MT resulted in infectious particles, while infected MT pro-
duced defective particles, remains obscure.

Here we postulate a mechanism based on the fact that
RT often falls from the RNA template, producing incorm-
plete, single-stranded, antisense DNA fragments (Rothen-
berg and Baltimore, 1977). In contrast, microinjected mole-
cularly-cloned vical DNA does not produce antisense DNA.
It is possible that these antisense DNA may interfere with
the translation process by means of heteroduplex forma-
tion, Since RT starts at the position very close to the 5'-end
of the viral genome and jumps to the 3-end, it is likely that
more incomplete fragments homologous to the ske and env
sequences are produced than those homologous 1o
pol. In fact, we have observed that infected MI «,ym Inc
asignificantly reduced amount of sre and env proteins (Hsia
et ol 1992y It is known that the production of env protein
in the infected cells results in superinfection interference
(Keshet and Temin, 1979, Weller er a/ 1980; Weller and
Termin, 1981 Chen and Temin, 1982). The reduction in env
protein may therefore prevent establishment of super-
infection interference. This would allow continuous infec-
tion of the already infected MT by the newly produced par-
tictes, resulting
antisense fragments

I's the amount of antisense DNA i infected MT enough
to cause translational inhibition by hybridizing to viral

5.

nnjection needle contributed to the production of

in persistent RT and hence production of

mRNAT? Schincariol and Joklik (1973) reported that CEF
cells infected with a Prague C strain of RSV contains about
300 copies of virus-specific RNA per cell 4 days p.i. Sur-
vey of literature indicates that the amount of viral DNA in
infected cells varies from 0.5 to 100 copies per cell depend-
ing on the virus and experimental conditions used
(Schincariol and Joklik, 1973; Ali and Baluda, 1974; Varmus
etal, 1974; Guntakaeral., 1976; Varmus and Shank, 1976,
Khoury and Hanafusa, 1976; Temin et al, 1979; Estis and
Temin, 1979). 1t is not known how much viral DNA accu-
mulates if infected cells are not allowed to establish super-
infection interference. Our previous results show that RS-
infected MT persistently harbor at least 2.5 unintegrated
viral DNA molecules per cell over a period of 7 days p.i.
it 1992}, This number does not include small

anaka et al.,
fragments of viral DNA which appeared as a smear in the
blotting experiments (data not shown). In fact, the detailed
analysis of in vitro RT reported by Boone and Skalka (1980,
1981a, 1981b) indicates that a great majority of the first
strand synthesis reactions are terminated well before the
completion of full length ¢cDNA. The failed reactions may
results in a large number of incomplete fragments, many of
them too short to be detected by the conventional blotting
method. Therefore, it is plausible to assume that MT con-
tinuously superinfected by progeny particles contain enough
amount of antisense DNA fragments to preferentially in-
hibit translation of sre and env proteins,

The production of defective virus in our system took place
under the condition where integration of viral DNA is pro-
hibited. This situation is analogous to infection with inte-
gration-defective mutants of retroviruses. Indeed such mu-
tants are often associated with a very low titer of progeny
virus, Panganiban and Temin (1983) reported that altera-
tions in the integration-specific sequence in LTR create an
integ ;‘ﬂsti(”)ﬂw»dcfb(“i‘ive spleen necrosis virus which produces
progeny particles with a titer 10 of that of the wild type.
Cobrinik et al (1983) reported that deletions in the integrase
recognition mtu,, within the LTR sequence of RSV resultin a
significantly reduced RT activity released in the media. In-
, «:;Umml of mutations or deletions in the integrase gene
(IN} of the viral genome also results in a greatly reduced
eny titer (Donehower and Varmus, 1984, Panganiban
and Temin, 1984; Schwartzberg ef al., 1984, Stevenson et
al., 1990a, 1990b). Because unintegrated DNA is abundant
in the host cells in these cases, it is possible that a similar
translational inhibition of the 3'-end genes as observed in
our system may be responsible for the lower titer of prog-
eny virus.

Ifthe above hypothesis holds, a similar translational con-
trol is expected in an environment where integration is in-
hibited and incomplete RT products are expected to be abun-
dant. Indeed Sharpe et al. (1990) reported that the murine
neurptropic retrovirus, Cas-Br-E, does not express env pro-
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