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Summary. — Antibiotics of the streptovirudin complex (SV)
inhibited the growth of influenza A and B viruses such as influenza
A/fowl plague  virus (FPV), strain Weybridge (Havl Neql),
influenza A/England 42/72 (H3N2), influenza A/Port Chalmers
1/73 (H3N2), influenza B/Leningrad 235/74, influenza B/Tokyo
7/66, and influenza B/Jamagata in chick embryo cell (CEC)
cultures, in permanent canine kidney cells (MDCK), and in
suspended fragments of chick embryo chorioallantoic membranes
(CAM). As revealed by spectrophotometric turbidity measure-
ments, SV completely inhibited the FPV-induced cytopathic
effect (CPE). A 99.999% reduction of infectious virus yield was
obtained in one-step growth cycle experiments and in the plaque
reduction test. The haemagglutination inhibition titres of in-
fluenza viruses in suspended CAM fragment cultures in the pre-
sence of SV drugs were also substantially reduced. The incor-
poration assays indicated that SV exhibited no effect on virus-
-induced RNA synthesis, but influenced virus maturation by
inhibition of lipid-linked oligosaccharide synthesis. A partial
protection from infection was found in influenza virus A/England
infected mice.

Key words: influenza viruses A and B; streptovirudin; oligosachari-
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Introduction

SV are new antibiotics produced by Streptomyces griseoflavus. Their
production, isolation and physico-chemical properties were described by
Eckardt et al. (1973a, b, 1975) and Thrum et al. (1975). The antibiotic complex
consists of different related compounds each of which possesses antiviral
activity. The antiviral action against a great number of RNA and DNA
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Table 1. Suppression of reproduction of influenza viruses A/England 42/72, A/Port Chlamers 1/73,
_B/Tokyo 7/66, B/Jamagata 1/73 and B/Leningrad 235/74 in CAM of chick embryos

Influenza virus strain SV concentration Titre decrcase Per cent inhibition
A/Port Chalmers 1/73 26% 6.67%* > 99.99
10 6.67 > 99.99
5 6.67 > 99.99
1 6.67 > 99.99
A/England 42/72 1 4.0 99.99
B/Tokyo 7/66 1 4.0 99.99
B/Jamagata 1/73 0.5 5.5 =+99:99
0.25 4.5 > 99.99
0.1 2.83 99.85
B/Leningrad 235/74 0.5 4.17 > 99.99
0.25 367 99.98
0.1 2.67 99.8

* in pg/ml.
*% Jog ID3g in the absence of SV minus log ID3¢ in the presence of SV.

viruses in vitro was described by Tonéw and Eckardt (1974), Tonew et al.
(1975) and Kobus et al. (1977). The present paper extends the effect of SV
on influenza viruses in vitro (CAM, CEC, MDCK cells) and in vivo.

Materials and Methods

Viruses. Fowl plaque virus (FPV) strain Weybridge (Hav1Neql) was obtained from Ivanovsky
Institute of Virology, Moscow, U.S.8.R., and passaged in CEC. Influenza viruses A/England
42|72 (H3N2), A/Port Chalmers 1/73 (H3N2), B/Tokyo 7/66, B/Jamagata 1/73 and B/Leningrad
235/74 from All-Union Institute of Influenza, Leningrad, U.S.S.R., were passaged in chick
embryos.

Cell cultures. CEC were prepared and cultures as described elsewhere by Tonew and Tonew
(1969). MDCK cell suspension cultures obtained from All-Union Institute of Influenza, Leningrad
U.S.8.R., were propagated under the same conditions as published by Gaush and Smith (1968).
CAM-inhibition test was performed according to the method of Horwath (1954).

Plaques assay and one-step growth cycle experiments. The technique was the same as previously
described (Tonew and Tonew, 1969, 1971).

CPE assay. The assays were conducted using a sensitive specrophotometer (UFD 100 Vitatron,
The Netherlands). Suspension cultures of MDCK cells were prepared in siliconized tubes providing
5 % 105 cells/ml and infected at multiplicity of infection (m.o.i.) of 50 PFU/cell. Extinction was
measured daily over a period of 60 hr in passing light at 650 nm wavelength. Both infected and
uninfected cells were treated with SV in doses of 5 and 2.6 j1g/ml, respectively. Observation of the
differences in optical density between the infected and treated cell suspensions was carried out
according to Tonew et al. (1973) and Augsten and Tonew (1975); statistical calculations were
made by means of variance analysis.

Reversibility of the antiviral activity. Tube cultures of CEC infected at m.o.i. of 20 PFU/cell
were incubated with 1 pg/ml SV for selected time intervals at 37° C. Then, the antibiotic was
washed off with prewarmed medium, the cell cultures were refed with fresh medium and incubated
for 24 hr. Afterwards, the haemagglutination titre was estimated according to Takatzuki et al.
(1965) using 19, suspension of chick erythrocytes.

8H -uridine incorporation. The 38H-uridine uptake was followed in SV-treated and untreated
CEC infected with FPV at m.o.i. of 20 PFU/cells. Cumulative labelling with 3H-uridine (20 kBq/
/ml) of cultures was carried out for 8 hr after infection. At intervals of 2 hr the acid precipitable
radioactivity was determined under one-step replication cycle conditions. Similarly infected
cultures were incubated with actinomycin D (2 pyg/ml) added immediately after infection. For
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Table 2. Speetrophotometrie turbidity measurements of MDCK cell suspensions infected with FPV

Hr Extinction at 650 nm Virus titre*
after
infection I IT W 5 v A B
0 0.281 0.297 0.295 0.289 .83 3.0
10 0.289 0.286 0.304 0.341 n.t. n.t.
20 0.296 0.299 0.307 0.373 n.t. n.t.
40 0.303 0.306 0.311 0.467 n.t. n.t.
60 0.311 0.314 0.327 0.495 .22 3.44

I. Uninfected and untreated cell suspension
I1. Infected and treated with 2.5 ug/ml SV
II1. Infected and treated with 6 pug/ml SV
IV. Infected but untreated
A = Virus adsorbed for 30 min and removed by 2-fold washing (no drug).
B = Virus adsorbed for, 30 min, 5 pg/ml SV.
*log10 TCID50/0.2 ml.
n.t. = not tested.

testing the action of SV on the transfer of gluéose from sugar-nucleotides into lipid-linked mono-
saccharides, 14C-glucose (20 kBq/ml) was used according to the same shedule. The radioactivity
was estimated as described by Tonew and Tonew (1974).

In vivo experiments. Outbred white mice weighing 18—20 g were infected intranasally with
a predetermined virus dose (ID = 10 LDj3p). The drug was administered orally 3 times daily
during 4 days. Ten animals per group and dose were used. The survival rates were calculated on
the 14th day after infection according to Reed and Muench.

Chemicals and isotopes. SV was produced and kindly provided by Dr. K. Eckardt (Central
Inatitute for Microbiology and Experimental Therapy, Jena, G. D. R.), actinomyein D was from
Serva, Heidelberg, F.R.G.; sodium deoxycholate (DOC) from VEB Chemisches Werk, Berlin-
-Grinau, G.D.R.; filter discs of chromatography paper FN 7 were from Spezialpapierfabrik,
Niederschlag/Erzgebirge, G.D.R.; 3H-5-uridine was from Radio-Chemical Centre, Amersham,
England (specific activity 902,8 GBq/mM). PPO and dimethyl POPOP were from Packard
Instrument International SA, Ziirich, Switzerland (for toluene scintillator fluid). 14C-6-glucose
was obtained from Vshesoyuznoe Obyedinenie ‘“‘Isotop”, Leningrad (specific activity 1850 GBq/
/mM).

Results

In vitro experiments

Replication of influenza A/England 42/72 and A/Port Chalmers 1/73 viruses
in CAM fragment cultures indicated a complete inhibition by SV at concen-
tration of 1 pg/ml. The influenza B/Jamagata and influenza B/Leningrad
viruses were inhibited at concentration of 0.5 pg/ml by more than 4 log LDsg
as compared to controls, i. e. virus reproduction was reduced by about
99.999, (Table 1). The maximum tolerated dose of SV was 100 pg/ml.

The CPE by FPV of suspension MDCK cultures could be prevented by
addition of SV in doses 5 and 2.5 pg/ml of medium, respectively, as revealed
by spectrophotometric turbidity measurements (Table 2). A restricted
reproduction of MDCK cells took place in maintenance medium during 60 hr.
The enhancement of the optical density as a sequence of the virus-induced
CPE destruction of the cells was controlled at the beginning and at the end
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Fig. 1.

Plaque reduction of FPV by SV
CEC monolayers were infected with
FPV in Demeter flakss. After 1 hr
adsorption the virus was replaced with
6 ml overlay; three flasks for each con-
centration of the compound and un-
treated virus controls were used. The
plaque reduction was expressed as per
cent of the average plaque number in con-
trol flasks.

Abscissa: Concentration of SV in ug/ml;
ordinate: plaque reduction per cent.
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of the experiments by means of titration of the infectious virus yield. The
quantitative antiviral action of SV against FPV was determined by plaque
reduction test which showed a high sensitivity of FPV to SV. Concentrations
of 20, 10 and 5 pg/ml led to a complete plaque reduction. More than 35 per
cent inhibition as compared to the control was demonstrated also with
concentrations lower than 1 pg/ml (Fig. 1).

The complete inhibition of the virus yield was demonstrated in one-step
growth cycle experiments, when SV had been added immediately after virus
adsorption. Application of SV up to 4 hr after infection also led to complete

Fig. 2.

One-step replication of FPV in CEC

treated with SV

The antibiotic complex (5 pg/ml) was

added at 1 and 4 hr after virus ad-

sorption; input multiplicity 20 PFU/cell.

By 8 hr after virus infection the in-

fectious virus yield was determined.

A A Titre of control virus.

O——0Q Titre in infected cultures trea-
ted with 5 ug/ml SV since 1 hr
after infection.

@® —— @ Thetitre of theinfected cultures
treated with 5 pg/ml SV since
4 hr after infection.

Abscissa: hr after infection; ordinate:

virus titre in logip TCDs50/0.2 ml.
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Table 3. Reversion of antiviral action of SV (1 g/ml) aiter removal of the antibiotic at 2, 3 and 4 hr
post infection*

Duration of Haemagglutinin units/ml at hr
treatment 2 3 4 8 10 24
2 hr 8 8 16 64 64 256
3 hr 8 16 16 32 32 64
4 hr 8 16 16 16 16 32
Virus control 16 16 32 64 128 512

* Virus adsorption for 1 hr; CEC stationary cultures infected with FPV.

suppression of virus reproduction. The virus yield was as low as the initial
virus titre (Fig. 2). The inhibitory activity of the drug could be reversed by
its removal. Haemagglutinin synthesis began by a few hr delay when the
duration of treatment was not longer than two hours. When the infected
cells were incubated with SV for a longer period, the reversibility of the drug
effect decreased with the prolongation of treatment (Table 3).

In vivo experiments

The efficacy of SV against influneza A/England in white mice showed
of 239, protection when administered in a dose od 0.025 mg/kg by oral route.
However,* SV exhibited a toxic effect when given orally at higher doses
(Table 4).

4

Fig. 3.
Incorporation of 3H-uridine into cellular
and viral RNA
One-step growth cycle of FPV infected
CEC by as indicated by cumulative
labelling, in the absence and presence
of SV and or actinomycin D.

X X Incorporation rate into cellular
RNA.

O——0 Incorporation rate into cellular
RNA in the presence of
5 pg/ml SV.

@ —— @ Incorporation rate into cellular

RNA in the presence of 2 pg/mi
actinomycin D.

A——A Incorporation rate into FPV-
infected CEC

[[J——[] Incorporation rate into FPV-
-infected CEC in the presence
of 5 ug/ml SV.

A /\ Incorporation rate into FPV-
-infected CEC in the pres-
ence of 2 pg/ml actinomyein D.

Abscissa: hr after infection; ordinate:

3H-uridine (cpm x 1073).
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Uninfected Treated and Untreated,
Dose of SV SV treated infected infected
156* 0/10%** 0/10 1/10
1.5 6/10 0/10 1/10
1.0 2/10 1/10 1/10
0.5 10/10 3/10 1/10
0.025 ‘10/10 2/10 1/10
0.005 10/10 1/10 1/10

* mg/kg body weight daily.
*%* Numerator = number of survivors; denominator = number of total animals used.

For details see Materials and Methods.

Radiobiological assays

The radiobiological assays showed that no effect on cellular and virus-in-
duced RNA synthesis could be achieved in the absence of actinomycin D
when SV was added in concentration of 5 pg/ml (Fig. 3). The influence of SV
on the glycosylation process of FPV was investigated by means of labelled
14C-glucose incorporated into lipid-linked oligosaccharides. As follows from
the results obtained, SV in concentration of 10 pg/ml decreased by 509,
the cellular protein synthesis; the incorporation rate lower than 509,

Fig. 4.

Incorporation of 14C-glucose into lipid-
-linked oligosaccharides
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10 pg/ml SV.

Incorporation rate of 14C-glu-
cose into lipid-linked oligo-
saccharides of FPV infected
CEC.

Incorporation rate of 14C-glu-
cose into lipid-linked oligo-
saccharides of FPV-infected
CEC treated with 10 pg/ml SV.
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was due to the influence on the virus-directed lipid-linked oligosaccharide
synthesis (Fig. 4).

At present it is not known whether SV plays a role in the formation or
activation of cellular polyribosomes.

Discussion

Antibiotics of the SV complex were shown to inhibit a great number of
RNA and DNA viruses belonging to different families (Tonew and Eckardt,
1974; Tonew et al., 1975; Kobus et al., 1977; Elbein et al., 1979; Pan et al.,
1979). The results of the present study demonstrate that SV possess a signi-
ficant antiviral effect in vitro against six serotypes of influenza viruses, such
as influenza A/FPV, A/England 42/72, A/Port Chalmers 1/73, B/Tokyo 7/66,
B/Jamagaty 1/73 and B/Leningrad 235/74. The data described here support
our premise that SV is potentially a useful substance in molecular biology
as an inhibitor of viral or cellular glycosylation. In the presence of 20—5
pg/ml SV (maximally tolerated dose for CEC and MDCK was 100 pg/ml),
the plaque reduction of FPV was nearly 1009%,. In suspended CAM fragments
the decrease of infectious yield of influenza A/England 42/72, A /Port Chalmers
1/73, B/Tokyo 1/73, B/Jamagata 1/73 and B/Leningrad 235/74 viruses
amounted more than 4 log IDsg units, i. e. 99.99%,: in the presence of 0.5—1.0
pglml drug. The inhibition of virus-induced CPE in MDCK cells estimated
by spectrophotometric turbidity measurements also showed the complete
prevention of cell destruction. The investigation of infectious virus yield by
one-step cycle growth experiments showed the complete inhibition of virus
replication, when SV was added immediately or up to 4 hr after virus ad-
sorption. A partial abolishment of the antivital action was possible by washing
off the antibiotic from the cell surface in CEC-infected with FPV.

It was demonstrated by radiobiological assays that the SV could not
influence FPV-directed RNA synthesis. At the same time influenza A/FPV
was inhibited by addition of actinomycin D. Influenza A/WSN and FPV
are inhibited by actinomycin D (Barry, 1964; Bukrinskaja, 1967;
Pons, 1967). SV blocked the formation of mature virus particles in FPV in-
fected chick embryo cells by affecting the lipid-linked oligosaccharide
synthesis. This was evidenced by time dependent lower 14C-glucose in-
corporation rates into lipid-linked monosaccharides in one-step virus growth
cycle. Similar results were also reported by Elbein et al. (1979) an Pan et al.
(1979) with SV and influenza A/WSN in canine kidney cells.

The nature of this inhibition is complex resulting from secondary effects
of glucosamine as revealed by hydrolysation experiments (Eckardt et al.,
1973a, b). After addition of SV in compatible quantities, the SV-glucosamine
complex impaired the lipid-linked oligosaccharide synthesis. One can con-
clude that SV suppressed the cellular and the virus-directed glycosylation
pathway. SV was found to be a potent inhibitor of N-acetylglucosamine-1-P
transferase (Elbein et al., 1979), which deals with processing of oligosa-
charides. If its synthesis is blocked, the lipid-linked oligosaccharides cannot
be assembled and glycosylation of certain proteins is inhibited.
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Further experiments were aimed to determine the minimal concentration
of SV effective in mouse. The assays showed that concentrations of 0.5 and
0.025 mg/kg had a slight influence on the survival rates. However, SV cannot
be used by oral route against influenza A/England in mice, although SV
contained glucosamine in its molecule. D-glucosamine only is known to
increase the survival of mice inoculated with human influenza virus (Floc’h
and Werner, 1976).
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