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   Guanine 7-N-oxide produced by Streptomyces sp. was found to inhibit in vitro the replica-
tion of herpes virus (Oncorhynchus masou virus, OMV), rhabdo virus (infectious hematopoietic 
necrosis virus, IHNV) and a bi-segmented double-strand virus (infectious pancreatic necrosis 
virus, IPNV) derived from salmonids with IC50 values of about 10 tzg/ml, 20 pg/ml and 32 

pg/ml, respectively. The agent was not toxic for the host cells (chinook salmon embryo, 
CHSE-214) at the IC50(, concentrations. 
   Labeling of IHNV viral RNA and host cellular DNA and RNA with [3H]uridine and [3H]-
thymidine during drug treatment showed that guanine 7-N-oxide did not reduce the incorpo-
ration of these precusors into RNA and DNA. 
   The anti-IHNV activity of guanine 7-N-oxide was enhanced synergistically by neplanocin 
A, an inhibitor of RNA methylation. 
   The mechanism of action of guanine 7-N-oxide is discussed, in regard to maturation of 
viral messenger RNA including capping.

   Recently, guanine 7-N-oxide, a new antibiotic produced by Streptomyces sp., has been discovered 

independently by two laboratories1,2). 

   This compound has shown inhibitory to Candida albicans but inactive against Gram-positive and 

Gram-negative bacteria and Trichophytons. It also inhibited Yoshida sarcoma and L-5178Y leukemia 

cells in culture1,2). In this paper, we report for the first time the antiviral activity of guanine 7-N-

oxide, particularly against several fish viruses. 

   Recently, we developed a convenient system for evaluation of anti-RNA viral compounds on a 

microtiter plate with 96 wells. Infectious hematopoietic necrosis virus (rhabdoviridae)5,6) is used as 

a probe for evaluation of the compound (namely, the CPE spot reduction method)3) ; the method being 

quantitatively and reproducibly equal to standard plaque reduction methods. 
   Using CPE spot reduction method, guanine 7-N-oxide was found first to have the anti-IHNV ac-

tivity. We therefore examined the activity of guanine 7-N-oxide against infectious hematopoietic 

necrosis virus (IHNV) replication in cell culture. The antiviral spectrum of this compound was also 

studied using herpes virus (Oncorhynchus masou virus, OMV)8,9) and a bi-segmented double-strand 

RNA virus (infectious pancreatic necrosis virus, IPNV)7). 

   Further, the combinations of guanine 7-N-oxide with neplanocin A resulted in the synergistic 

antiviral activity against IHNV. Based on these observation, the mechanism of action of guanine 

7-N-oxide is discussed.
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                              Materials and Methods 

   Cell and Viruses 
    Chinook salmon embryo (CHSE-214) cells4), IHNV5,6), IPNV7) and OMV8,9) were kindly sup-

plied by Prof. T. KIMURA, Faculty of Fisheries, Hokkaido University. The method for cultivation 
of CHSE-214 cells and the propagation of IHNV were described previously3). The stock viruses of 
IPNV and OMV were passaged three times in CHSE-214 cells and propagated in same cell line. 

   Compounds 

    A crystalline guanine 7-N-oxide (Gua-7-oxide) was prepared from Streptomyces sp. by the method 
reported previously1). Neplanocin A (Nep A) was supplied by Toyo Jozo Co., Ltd. And 9-methyl-

guanine 7-N-oxide was synthesized chemically"'). 

   Determination of Antiviral Activity 

   The following techniques were employed for evaluating the antiviral activity of the test compound. 
   Cytopathic Effect (CPE) Spot Reduction Method: The CPE spot reduction method using microtiter 

plate with'96 wells was employed for the evaluation of anti-IHNV activity and the combination investi-
gation of Gua-7-oxide with Nep A3). In brief, nearly confluent cells in a well of microtiter plate were 
infected with IHNV at a concentration forming CPE spots of about 100 per well. After the addition 
of culture media containing varying levels of the test compound, cultures were incubated for three 
days at 15°C. After fixing and staining the CPE spots formed on cell monolayers were counted micro-
scopically. 
   Plaque Reduction Method: The Plaque reduction method was used for the evaluation of the 

compound against IPNV and OMV. This method reported previously for the assay of IHNV was 
used in the case of IPNV and OMV with a slight modification3). In brief, confluent cell monolayers 
in plastic dishs (35 mm diameter) were infected with 100200 plaque forming units of IPNV and 
OMV per well. After 1 hour adsorption at 15°C, the inoculum was removed and the cultures were 
overlaid with maintenance media containing 0.75% agarose and an appropriate amount of Gua-7-
oxide. After incubation of 3 days for IPNV and 6 days for OMV, the fixed and stained plaques were 
counted microscopically. 
   Virus Yield Reduction Method: Confluent CHSE-214 cells in a plastic dishs (35 mm diameter) 
were infected with IHNV at multiplicity of injection (M.O.I.) = 0.01. After I hour adsorption at 
15°C, cell monolayers were washed with culture medium; after washing, fresh culture medium with 
varying levels of Gua-7-oxide were added, and incubation was begun at 15°C during 5 days. Super-
natant of the culture were centrifuged at 5,000 rpm for 10 minutes, and then titered by the CPE spot 
assay method using a multidish with 24 wells reported previously3). 

   Inhibition of Cell Growth 

   The CHSE-214 cells were plated in 35 mm plastic dish at 6 x 105 cells per dish. After 1 day, 
culture media were exchanged with fresh growth media containing an approriate amount of Gua-7-
oxide. After the incubation at 15°C during 5 days, cells were dispersed by trypsin treatment, and 
the number of viable cells stained with trypan blue was determined with a hemocytometer. 

   Viral RNA Synthesis and Cellular DNA and RNA Synthesis

   In the test of viral RNA synthesis, confluent CHSE-214 cells in a well of microtiter plate were 
inoculated with IHNV at M.O.I. > 1. After the adsorption at 15°C for 1 hour, inoculum was dis-

carded completely by aspiration. Then cells were added 100 td/well of maintenance medium contain-
ing an appropriate amount of compound and 1.5 tog/ml of actinomycin D(Act D) (Sigma). After the 

incubation at 15°C for 12 hours, 10 Id per well of radioactive precusor [3H]uridine(Urd) (Amersham), 
100 tiCi/ml, was added in each well. After additional incubation for 3 hours, medium in a well was 
discarded, and cells were lysed with 50 p1 of 0.5% SDS solution containing 0.1 M NaCl, 5 mm EDTA 

and 30 mM Tris-HC1 (pH 9.0). After a pipetting by Gilson Pipetman, each lysing sample was applied 
on to DE-81 paper (Whatman), washed 5 times with 5 % Na3HPO4 solution, and immersed in 

ethanol, and ether. After drying, the radioactivity that remained on DE-81 paper was counted in
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a scintillation counter with toluene scintillator. 
   In the cellular DNA and RNA synthesis, non-infected cells in microtiter plate were labeled with 

[3H]Urd, 2 µCi/ml, and methyl-[3H]thymidine(dThd) (New England Nuclear), 2 pCi/ml, for 3 hours 
at 15°C with or without test compound. The radioactivity incorporated into cellular DNA and RNA 
was measured by the same method described above. 

   Combination Study of Guanine 7-N-Oxide with Neplanocin A

   The anti-IHNV activity of Gua-7-oxide combined with Nep A was examined by the CPE spot 
reduction method described above. The effect of this combination study was expressed graphically 
in statistically fitted isobolograms11,12) In brief, each 50% inhibitory concentration (IC50) obtained 
from CPE spot reduction assay of Gua-7-oxide in combination was reexpressed as a fractional in-
hibitory concentration (FIC), that is, as a fraction of IC50 of Gua-7-oxide used alone (Gua-7-oxide 
FIC=Gua-7-oxide IC50 in combination/ Gua-7-oxide IC50 alone). The resulting Gua-7-oxide FIC 
was paired with the FIC of Nep A that was present in that combination (Nep A FIC=concentration 
of Nep A in combination/ Nep A IC50 alone). The FIC values for Nep A, in the presence of each 
concentration, were determined by the same method described above.

Results

                               Antiviral Activity 

   Gua-7-oxide was tested for the anti-IHNV activity by CPE spot reduction method. The results 

was shown that 10 pg/ml of this compound was required to suppress CPE spot to 50% (Fig. 1). In 

addition, IC50 of this compound against IPNV and OMV was found to about 20 jig/ml and 30 pg/ml, 

respectively (Fig. 1). That the inhibitory effects of Gua-7-oxide on viral CPE spot truly reflected the 

inhibition of IHNV replication was ascertained by a virus growth experiment. At a concentration of 

12 pg/ml, Gua-7-oxide caused a more than 1.5 log10 reduction in the 3 days-yield of IHNV. At the 

dose of 50 pg/ml, the virus yield was almost completely suppressed for 3 days (Fig. 2).

                          Anti-cell Growth Activity 

Gua 7-oxide did not inhibit the growth of CHSE-214 cells at a concentration up to 12 /Ig/ml, which

Fig. 1. Antiviral activity of guanine 7-N-oxide against IHNV O, IPNV (0) and OMV 
tiviral activity of 9-methylguanine 7-N-oxide against IHNV (A).
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Concentration of guanine 7-N-oxide (log Ng/ml)
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was the IC50, value of CPE spot reduction; 50 ,gag/ml was required to inhibit the cell growth by 50%

(Fig. 3). 

          Influence of Viral RNA Synthesis and Cellular DNA and RNA Synthesis 

   In order to follow the viral RNA synthesis, actinomycin D (1.5 µg/ml) was added to inhibit the

Fig. 2. The effect of guanine 7-N-oxide on IHNV 
 viral yield. 

     0 µg1ml, • 3 /µg/ml, 0 6 ; µg/ml, A 12 µg/m], 

 E 25 µg/ml, • 50 µg/ml.

Fig. 3. The effect of guanine 7-N-oxide on the 

 growth of CHSE-214 cells. 
   0 0 µg/ml, • 6 µg/ml, 0 12 fig/ml, A 25 µg/ml, 

   50,µg/ml, • 100 µg/ml.

Time after infection (days)

Time after incubation (days)

Fig. 4. The effect of guanine 7-N-oxide on IHNV viral RNA synthesis and cellular DNA and RNA syn-
thesis. 
   The 100% incorporation of [3H]Urd is the value subtracted the uninfected sample (400 cpm) 
treated with Act D from the infected sample (6,100 cpm) treated with Act D. 

     IHNV viral RNA, o: cellular DNA, A: cellular RNA .

Concentration of guanine 7-N-oxide (log Ng/ml)
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cellular RNA synthesis by 86% within 1 hour (data not shown). A peak of [3H]Urd incorporation 

into viral RNA appeared 12- 15 hours post-infection (p.i.) at 15°C (data not shown). Therefore, the 

pulse labeling for 3 hours with precursor was performed 12 hours after infection. 

   As shown in Fig. 4, Gua-7-oxide scarcely inhibited the IHNV viral RNA synthesis at a concen-

tration of 32,µg/ml, which is the inhibitory concentration by 100% (MIC) of CPE spot with IHNV 

infection. Cellular DNA and RNA synthesis were also scarcely inhibited at a concentration as high 

as 32 µg/ml.

Combination Studies of Gua-7-oxide with Nep A

   The antiviral activity of Gua-7-oxide and Nep A combination against IHNV was expressed quanti-

tatively as a CPE spot reduction curve. As can be shown in Fig. 5A, the anti-IHNV activity of Nep A 

combined with Gua-7-oxide was more effective than either compound alone. The addition of Gua-7-

oxide to 3.2 lig/ml enhanced ICS, level of anti-IHNV activity to MIC level. The drug combination is 

shown to be synergistic by isobolographic expression of antiviral activity (Fig. 5B).

Discussion

   Gua-7-oxide has a broad antiviral spectrum against IHNV (rhabdo virus), IPNV (unclassified, a 
bi-segmented double-strand RNA virus) and OMV (herpes virus) derived from salmonids, with ICS, 
values about 10 µg/ml-30 µg/ml. In addition, the IHNV virus yield was reduced effectively at the 
ICS, level of the agent and the effect of drug on uninfected cell growth was not significantly affected. 
In the experiment of the incorporation of radioactive precursor, viral RNA, cellular DNA and RNA 
synthesis were scarcely inhibited at a concentration of as high as the ICS, value. In addition the com-
bination of Gua-7-oxide and Nep A was shown to be synergistic in antiviral activity. 
   The antiviral mechanism of Gua-7-oxide is interesting. The viral RNA synthesis of IHNV was 
not significantly altered at the concentration of 32 µg/ml of this compound, which is the MIC value
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Fig. 5. The anti-IHNV activity of guanine 7-N-oxide and Nep A singly and in combination. 
   A: CPE spot reduction assay, C: Nep A only, •: Nep A+Gua-7-oxide (1 yg/ml), o: 
Gua-7-oxide (3.2 µg/ml), A: Nep A+Gua-7-oxide (10 µg/ml). 
   B: Antiviral isobologram of Gua-7-oxide combined with Nep A. 

   A B

Nep A+

Concentration of neplanocin A (µg/ml) Guanine 7-N-oxide FIC
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for IHNV. A similar effect was observed with Nep A (Fig. 6) which is an inhibitor of RNA methyla-
tion as described by GLAZER and KNODE13). These results suggest that the mechanism of action of 
Gua-7-oxide may be the inhibition of mRNA maturation steps including the capping. 
   The activated form of Gua-7-oxide in antiviral action might be guanosine 7-N-oxide 5'-mono-

phosphate formed by hypoxanthine/guanine phosphoribosyltransferase, because the 9-methylguanine 
7-N-oxide showed no anti-IHNV activity at a concentration of 100 pg/ml as shown the CPE spot 
reduction method (Fig. 1). Obviously, this compound can not be converted to the corresponding 
nucleotide. 
   The combination study was also suggestive for the mechanism of action of Gua-7-oxide. If the 
site and the mode of inhibition by both Gua-7-oxide and Nep A are the same, the combination would 
result in an additive response. The experimental results indicated the synergistic antiviral activity. 
Therefore, the mechanism of action of Gua-7-oxide is not totally the same as that Nep A. It should 
be noted that Gua-7-oxide may be regarded as an analog of 7-methylguanine in the cap structure 

(7mGpppNp) of eukaryotic and viral mRNA. Lack of the activity on prokaryotes of this compound 
also seems to support this presumption.
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