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Abstract

We obtained two mutant strains of respiratory syncytial virus (RSV) which showed resistance against NMSO3 after 15 and 33 passages,
respectively, in HEp-2 cells in the presence of 8\ of NMSO3. The EGp values of NMSO3 for the resistant virus strains were 0.48 and
0.93uM, thatis 4.8-9.3 times higher than that of the parent straindE€0.1 uM). The most resistant strain also showed resistance against
heparin but was sensitive to dextran sulfate and a polyoxotungstate, PM-523. In order to determine whether the acquisition of resistance to
NMSO3 was the result of the accumulation of genetic changes of virus, we sequenced the G- and F-protein genes. In comparison with the
standard type of RSV strains, we identified changes of 10 amino acids in the G protein including those at the central conserved segment.
However, we did not observe any particular changes in the amino acid sequence of the F-protein of the resistant strains. From these results,
we conclude that NMSO3 inhibits the G-protein interaction to the receptor. The mutations in the G-protein may result in the observed
phenotypic resistance of RSV towards NMSO3.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction receptor and the F glycoprotein mediates the fusion of the
viral and cell membraned_évine et al., 1987; Walsh and

NMSO3, a sulfated sialyl lipid, has been evaluated for an- Hruska, 1983 After these early processes, the cells allow

tiviral activity against several DNA and RNA viruses. We the entrance of the virus nucleocapsid into the cytoplasm.

have previously shown antiviral efficacy against respiratory In order to understand the mechanism of antiviral action of

syncytial virus (RSV) and rotavirus infections in vitro and NMSO3-against RSV, we selected several NMSO3 resistant

in vivo and against adenovirus in vitr&ifnura et al., 2000; clones of RSV and analyzed the amino acid sequences of

Takahashi et al., 2002; Kaneko et al., 2R00he median ef-  the G and F proteins.

fective concentration (50% effective concentrationgg)©f

NMSO3 against RSV replication (standard Long strain) in

HEp-2 cells was 0.2 and 0.3@V, as monitored by optical 2. Materials and methods

ELISA and plaque reduction, respectively. NMSO3 showed

potent anti-RSV activity against six fresh clinical isolates 2.1. Cell cultures and viruses

with an average Efp value of 0.23.M. The mechanism

of anti-RSV activity of NMSO3 was assumed to be virus ~ HEp-2 cells were serially passaged using Eagle’s min-

adsorption or penetration based upon time of addition ex- imum essential medium (EMEM) supplemented with

periments and inhibition of syncytium formatioKitmura 5% fetal calf serum (FCS), 100 units/ml of penicillin G,

et al., 2000. It is well established that the G glycoprotein 100pg/ml of streptomycin, 0.2% sodium bicarbonate and

of RSV is responsible for virus binding to the cell surface 2mMM L-glutamine. The origin of the Long strain of RSV
and preparations of the virus stocks have been reported pre-

viously (Kawana et al., 1987 Virus was passaged in HEp-2
* Corresponding author. Tek:81-24-547-1111; fax+81-24-547-1995.  C€lls in maintenance medium (MM, EMEM supplemented
E-mail addresssshigeta@fmu.ac.jp (S. Shigeta). with 2% heat inactivated fetal calf serum, 0.2% sodium
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bicarbonate, 2 mM.-glutamine and antibiotics) and virus sorption period, the overlay medium (MM plus 1% methyl-
stock was kept at-80°C. RSV Long strain was provided cellulose) in which antiviral compounds were absent, was
by Y. Numazaki from the National Sendai Hospital. used in some experiments.

2.2. Chemicals and reagents 2.4. Selection of NMSO3 resistant mutants

The chemical name of NMSO3 is sodium [2,2-bis The Long strain of RSV was plaque purified and a strain
(docosyl-oxymethyl)propyl-5-acetoamide-3,5-dideoxyl-4,7, designated as Long 1 was obtained from a single plaque. The
8,9-tetra©-(sodium-oxysulfonyl)p-glycero«-p-galacto-2- Long 1 strain was then passed in HEp-2 cells in the presence
nonulopyranosid]orate. NMSO3 has a molecular weight of NMSO3 (starting at Jug/ml and gradually increased up
of 1478.7. The compound was synthesized at The Cen-to 10png/ml = 6.8 uM) until the virus showed resistance
tral Research Institute of Nisshin Food Product Co., Ltd., to NMSO3. Following 15 passages of Long 1 strain in the
Kusatsu, Shiga, Japan. The structural formula of NMSO3 presence of NMSO3, a resistant strain (2CO) was obtained.
has been shown previousliitnura et al., 200 NMSO3 At passage 33 under NMSO3 pressure, a second resistant
is soluble in water, i.e., more than 10% at°@and more virus strain (4CQO) was obtained. These strains were plaque
than 20% at 80C. Dextran sulfate (molecular weight 5000, purified in the presence of 3@/ml of NMSO3 and were
DS5000) was purchased from Sigma (St. Louis, MO). Hep- stored at—80°C until use.
arin was obtained from medicinal supplies (Upjohn heparin
sodium injection from lung) with a molecular weight of 2.5. RSV-RNA extraction and RT-PCR amplification
5000-20,000. PM-523, (PriNdsH[PTi2W10035(0)2]H20
(where Pri is isopropanol), a Keggin type polyoxometa- Sequence analysis of RNA from Long 1 and the mutant
late, was synthesized by a procedure published elsewherestrains were performed as outlined below. Viral RNA was
(Yamase et al., 1992PM-523 has been fully characterized extracted from RSV-infected HEp-2 cells using a commer-
by chemical analysis, nuclear magnetic resonance and in-cial kit (QIAmp RNA Blood Mini kit, Qiagen). Reverse tran-
frared spectroscopyramase et al., 1992Stock solutions of  scription (RT) of viral RNA to specific cDNA of the G and F
NMSO3 and DS5000 were prepared in sterile distilled water genes was performed using the primers G oftteward and
at 10 mg/ml and PM-523 was prepared in dimethyl sulfox- F outerforward, respectively. A nested polymerase chain
ide (DMSO, Sigma) at 10 mg/ml. Heparin was supplied as reaction (PCR) was performed as followgweach of ex-

a solution of 1000 units/ml. Additional dilutions were made tracted RNA and 1.l of primer (Table 1) were combined in

in MM when the compounds were tested in cell culture. 0.5mM dNTP mixture, first-strand buffer, M DTT, and
40 units of super scripflIRNA ase H- reverse transcrip-

2.3. Evaluation of sensitivity for NMSO3 tase (Invitrogen) in 10 ml of reaction volume. The mixture
was incubated at 4ZC for 50 min and followed by inacti-

Evaluation of sensitivity for NMSO3 was assessed by the vation by heating at 70C for 15 min. RSV G and F protein
plaque reduction (PR) method. The PR method for quan- genes were amplified from the cDNAs, obtained as above,
tifying RSV sensitivity for antiviral compounds has been by nested PCR using the Expand High Fidelity PCR system
described previouslyShigeta et al., 1992 Briefly, 1 ml of (Roche) and the primer sets as showmaible 1 The first set

HEp-2 cell suspension, containing310* cells in EMEM of primers G outeforward and G outerreversewere used
plus 5% FCS, was seeded in each well of the culture plate for the first round of the nested PCR for the G protein gene
(Multiwell ™ 12 well, Falcon) and incubated at 3Z. A and the inner set of primers, G innfarward and G inner

monolayer of cells were obtained after a 24-h incubation pe- reversewere used for the second round of the nested RCR.
riod, and inoculated with approximately 100 plaque forming Similarly, the set of F outefiorward and F outereverse and
units (PFU) of RSV in 10Q.1 of MM. Cells were simultane-  the set of F inneforward and F innereversewere used for
ously treated with a five-fold serial dilution of antiviral com-  the F protein gene for the first round and second round of the
pound in 10Qul of MM. The cells were incubated at 3& nested PCR, respectively. The cycle parameters of the first
for 90 min following the inoculation of RSV. The inocu- round of PCR for the G protein gene were as follows: 30
lum was then aspirated and 1000of MM containing the cycles of denaturation at 9& for 30s, annealing at 52
same concentration of compound and 1% methylcellulose for 30 s and extension at 7€ for 120 s, with a final exten-
was added to each well. After 3 days of incubation at@5  sion at 72C for 10 min. The cycle parameters of the first
the medium was aspirated and cells were fixed with 5% for- round of PCR for the F protein gene were as follows: 30
malin in PBS for 3 min and then stained with 0.02% crystal cycles of denaturation at 9& for 30 s, annealing at 4C
violet. The number of plaques were counted ak4fag- for 30 s and extension at 7€ for 150 s, with a final exten-
nification, and the concentration of the compounds, which sion at 72C for 10 min. The cycle parameter of the second
reduced the number of plaques to 50% of the control, was round of PCR for the G protein gene were as follows: 30
determined as the Egusing probit statistics method. In or-  cycles of denaturation at 9& for 30 s, annealing at 5&

der to assess the effect of the compound during the virus ad-for 30 s and extension at 72 for 90 s, with a final exten-
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Table 1

Sequences of primers and characteristics of each nested RT-PCR

Gene Primers Positiofs Sequence (33) Length of amplified product (bp)

G G outer foP 3985-4004 5GGAAGCACACAGCTACACGA-3 1817
G outer rev 5802-5777 "BSAGCACTAAGATAGCCTTTGCTAAC-3

G G inner for 4582-4607 "BCCCACCATGCAAACCACTATCCATAC-3 1088
G inner rev 5670-5644 "B5CAACTCCATTGTTATTTGCCCCAGAG-3

F F outer for 5487-5511 "BECAACTTCTCCGAAGGCAATCCAAG-3 1969
F outer rev 74567437 "BECAATGACAGATGGGTTGTC-3

F F inner for 5592-5618 'STAAACTCTGGGGCAAATAACAATGGA-3 1778
F inner rev 7370-7347 "BECCATTGTAAGAACATGATTAGGTGCT-3

F F + 435 6082-6104 'BTGTTAGGTGTTGGATCTGCAATC-3

F F — 457 6104-6083 'SGATTGCAGATCCAACACCTAAC-3

F F + 1233 6880-6899 'BTCACATCTCTAGGAGCCATT-3

F F — 1399 6986-6967 'BTGCATAATCACACCCGTTAG-3

2Numbers are counted from the beginning of the whole viral RNA.
bfor: forward, rev: reverse.

sion at 72C for 10 min. The cycle parameter of the second 3. Results
round of PCR for the F protein gene were as follows: 30 cy-
cles of denaturation at 9% for 30 s, annealing at 5@ for 3.1. NMSO3 resistant strains
30s and extension at 72 for 90 s, with a final extension
at 72°C for 10 min. Amplified products of the second round RSV Long 1 strain was passed 33 times in the presence
of PCR were expected as 1088 base pairs (bp) and 1778 bpf NMSO3 as described above. A NMSOS resistant strain,
in sizes of the G protein gene and F protein gene, respec-designated as 4CO, as well as the intermediate strain, 2CO
tively, and visualized by electrophoresis on a 1% agarose obtained at 15 passages of RSV, were isolated. Thg BC
gel stained with ethidium bromide. These products were pu- NMSO3 against the escaped mutants were evaluated. The
rified using a commercial kit (MinElute Gel Extraction Kit ECsg of NMSO3 for the 4CO mutant was 0.93/, that is
Qiagen). 9.3 times higher than that of the Long 1 strain gG=

0.1 wM). On the other hand, the EBgfor 2CO was 0.43.M,
2.6. Analysis of nucleotide and amino acid sequences  thus 4.8 times higher than that of the Long 1 strain. The

4CO mutant was passaged a further 10 times in HEp-2

Amplified and purified gene products were directly se- Cells in the presence of NMSO3, however, thesgE@f

quenced on the ABI PRISKI310 Genetic Analyzer (Ap- NMSO3 for the escaped strain did not further increase and
plied Biosystems) using the ABI PRISM BigD}#4 Termi- the gene sequence of the G protein did not show addi-
nator V 1.1 Cycle Sequencing Ready Reaction Kit (Perkin- tional changes after the additional 10 passages (data not
Elmer). For the sequencing of the G protein genes, primersShown).
G innerforward and G innereversewere used. For the se-
quencing of the F protein genes, primers F inf@ward 32, Evaluation of the cross-resistance of the mutant CO4
and F inneneverse F =+ 435 and F‘— 457, F+ 1233 and for the Other adsorption inhibitors
F— 1399 were used (séable ). Sequences were analyzed
using SeqE#"Ver 1.0.3 and multiple sequence alignments  The 4CO strain was tested for resistance against other
were generated with GENETYX-SV/R Ver 5.1.1. Sequences compounds known to inhibit binding or adsorption of RSV
were compared with the amino acid sequences of the re-ig cells. Heparin, DS5000 and the polyoxometalate PM-

ported Long strain obtained from GenBank (the accession523 were added to cells in two different ways: compound
numbers of the sequences were M17212 and M22643 for Gyas present only during the virus adsorption and then with-

and F protein amino acid sequences, respectively). drawn from the overlay medium (designated as “without”)
or the compound was present throughout the experiment
2.7. Statistical analysis (the same concentration of the compound during the virus

adsorption was also added to the overlay medium, desig-

Statistical analysis was performed with the Statcel version nated as “with”). The results showed that 4CO gained a 10-
020.5 software (produced B§anai, 1998. The results were  fold resistance (E§y of NMSOS3 for 4CO was 9-11 times
expressed as the meanl standard error of the mean. To higher than that for Long 1 strain). The Efvalue did
measure differences among groups, the results were testetshot change whether NMSO3 was present or absent in the
for significance by a non-parametric way (Kruskal-Wallis overlay medium after the 90 min virus adsorption period
statistics). Results having-values of less than 0.05 were (Table 3. The 4CO strain also showed resistance against
considered significant. heparin. However, the resistance for heparin was somewhat
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Table 2

EGCsp of NMSO3, heparin, PM-523 and DS5000 for NMSO3-escaped mutant 4CO and its parent strain (Long 1)

Compound Methodl EGCsp (M) p

4CO Long 1

NMSO3 Without 0.90+ 0.45 (10% 0.08 + 0.10 (9) 0.0002
With 0.93+ 0.60 (5) 0.1+ 0.12 (5) 0.03

Heparin Without 0.06+ 0.06 (4f 0.02 + 0.015 (6) 0.247
With 0.11+ 0.08 (5) 0.02+ 0.016 (5) 0.033

PM-523 Without 0.92+ 0.4 (5) 0.75+ 0.24 (5) 0.416
With 0.49+ 0.35 (5) 0.16+ 0.14 (4) 0.154

DS-5000 Without 0.17 0.08 (4% 0.18+ 0.09 (3) 0.88
With 0.25+ 0.15 (4) 0.21+ 0.07 (5) 0.68

2In “without”, compound was withdrawn from the overlay medium after virus adsorption. In “with”, compound was kept in the overlay medium

throughout the experiment.
bThe numbers in parentheses indicate the number of experiments.

¢ Unit/ml and pg/ml were employed for heparin and DS5000, respectively.

* P < 0.05 is considered significant.

smaller than for NMSQO3, i.e., B&fg of heparin for 4CO

the G protein occurred at first between 163 and 189 and

increased about 3-5.5 times, as compared to the Long 1then extended from 97 to 1144gble 3 Fig. 1). In Fig. 1,

strain. DS5000 also showed antiviral activity against RSV,
however, the 4CO strain did not show diminished sensitiv-
ity against DS5000, when compared to the Long 1 strain.
PM-523 also inhibited RSV adsorption, whereas its antivi-
ral activity was decreased when it was withdrawn from
the overlay medium after the virus adsorptioraifle 2.
PM-523 may interfere with virus growth when added after,
as well as during, virus adsorption. The f§g®f PM-523

for 4CO increased by 1.2-3-fold compared to that for the
Long 1 strain, however, this increase was not statistically
significant.

3.3. Sequence analysis of amino acids of the mutant G and

F proteins

Sequences in the viral RNA sense of G and F protein

genes were analyzed and the amino acids of the G and porrans

proteins were compared among the Long 1 (parent strain),
2CO (intermittent strain) and 4CO (NMSO3 resistant strain).
The sequences were also compared between genes of th
standard Long strain (Gen Bank accession number M17212
for G and M22643 for F protein genes) and the ampli-
fied genes of the above mentioned strains. In the G protein,
three amino acid differences were observed between Long
(M17212) and Long 1. Among Long 1 and 2CO, six amino

acids changes were observed (F163P, F165L, F170S, 1189T,

L215P, and L274P). When Long 1 was compared with 4CO,
four more amino acid mutations were added to 2CO (L97P,
F101L, 1107T and 1114T). In addition, F168S and F265L
were found instead of F165L and L215P, observed in 2CO
(Table 3. As mentioned above, the 2CO and 4CO strains

the mutation points of amino acids in G protein of 4CO
strain is illustrated. Four of the 10 mutation points located
near the conserved domain (amino acids 164-176) and six
were outside of the conserved domain. In the next experi-
ment, the amino acid sequence of the F protein was ana-
lyzed and changes were observed between Long and Long
1 at 7 positions (data not shown). Only one change was
observed, at position 210 (K to E), between Long 1 and
4CO. However, one more nucleotide change, which did not
result in an amino acid change, was noted at position 638
(A to G).

Table 3
Mutation points of amino acids and nucleotides in G protein (gene) of
NMSO3-escaped mutants 2CO and 4CO

2CO 4CO Long 1
ECso for NMSO3  0.48 0.93 0.1
(M)
No. of the 6 10 0
€ changed a.a.
Sorts and L97P (290)
position$
F101L (301)
1107T (320)
1114T (341)

F163P (487, 488)
F165L (493)

F163L (487)

F168S (503, 504)
F170S (509) F170S
1189T (566) 1189T
L215P (644)

F265L (793)
L274P (831) L274P

were mutants which were obtained by 15 and 33 pass{jlgetf\lumbers in parentheses indicate sequence number of nucleotide which

of Long 1 strain, in HEp-2 cells, in the presence of NMSO3,
respectively. The mutation of the amino acid sequence in

changed in the mutants. All nucleotide changes were U to C.
aChange from Long 1 strain.
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Fig. 1. Amino acid sequence changes in G protein of the NMSO3-resistant RSV 4CO strain. Diagram of the G protein primary structure indicating the
transmembrane region (open rectangle line) and the cystein residues (closed circles). Conserved domains (amino acids 164-176) are indicated by the

horizontal bar under the diagram. Locations of the sequence changes are indicated by arrows. Amino acid numbers are counted from the beginning of
the G protein.

NH,.

4. Discussion The ectodomain of the RSV-G protein contains a cluster
of positively charged amino acids (180P to 233K) which
Thirty-three passages in the presence of NMSO3 were was postulated to be RSV-G heparin binding ectodomains
needed to obtain a resistant strain against NMSO3, thus con{Krusat and Streckert, 1997Two lineal sequences of RSV
siderably more passages compared with previous reports inectodomains were identified from the G proteins of RSV
which the resistant RSVs for antiviral substances were se-types A and B, respectively, as important domains for the
lected by passages in the presence of the inhibitors. Escapdinding of RSV to heparin-containing receptors. The pep-
mutants from the anti-RSV monoclonal antibodies (Mabs) tides were184AICKRIPNKKPGKKT!® for type A and
were obtained after 5-10 passages of RSV in the pres-183KSICKTIPSNKPKKK®’ for type B (Feldman et al.,
ence of Mabs. These mutants lost reactivity with the Mabs 1999. On the other hand, several workers have recently re-
(Martinez et al., 199 Sudo et al. (2001jeported that a  ported that the G glycoprotein of RSV is not indispensable
resistant mutant to RD3-0028 which was obtained after 18 for the growth of RSV in Vero cells. A cold adapted RSV-B
passages in the presence of the antiviral compound. The mumutantcp-52 was found to be spontaneously deleted in the
tant strain was 80-fold less susceptible to RD3-0028 than SH and G genesKarron et al., 199¥ A mutant recombi-
the parent Long strain. In this study, RSV acquired resis- nant of RSV of which G gene was artificially truncated and
tance for NMSO3 after 33 passages of the susceptible RSVdeleted was createdéng et al., 2001; Teng and Collins,
in the presence of NMSO3, and showed only 10-fold higher 2002. Both mutant RSVs were reported to grow as effi-
ECso than the EGy of the original strain. From these results ciently as wild type RSV in Vero cells but did not grow
it can be concluded that it is difficult for RSV to acquire efficiently in HEp-2 cells.
resistance against NMSO3. Changes of amino acids in the G protein of 4CO from
Heparin, dextran sulfate and PM-523 were reported to in- its parent strain (Long 1) are described Table 3 and
hibit early stages of RSV infection, such as virus adsorption Fig. 1L The 4CO mutant underwent 10 amino acids changes
to and penetration through the cell membradegoya et al., through 33 passages in the presence of NMSO3. Among
1991; Bourgeois et al., 1998; Shigeta et al., )9%®ased them, amino acid changes 1107T, 1114T, and L274P could
upon previous results, the mechanism of anti-RSV activity be found among the virus isolates during 1956-1993 in
of NMSO3 was presumed to be inhibition of adsorption to United States and Europ€#ne and Pringle, 1995~265L
cells, penetration through the cell membrane and syncytiumand L274P were also commonly found in Mozambique wild
formation Kimura et al., 200D The NMSO3-resistant strain  strains Roca et al., 2001 On the other hand, amino acid
4CO showed resistance against heparin, although the levekchanges L97P, F101L, F163L, F168S, F170S, 1189T were
of resistance was smaller than for NMSO3. Between Long not found in the reported wild type strains. These changes
1 and 4CO, the-values for the difference of sensitivity to  in the G protein of the NMSO3-resistant 4CO strain are
NMSO3 or heparin were less than 0.03 (when compounds mostly located in the central conserved segment of the G
were continued to be present throughout the experiment).ectodomain. It was reported that a stretch of 13 amino acids
On the other hand, 4CO did not show significant resistance (position 164—176 in the amino acid sequence of the G pro-
against DS5000 or PM-523 compared with Long 1 strain tein) was conserved in the same form in several different
(p-values were from 0.15 to 0.68 when compounds were strains and subgroups of RSV and this segment has been
present through the experiment). From these results, we carproposed as the receptor binding site and includes a cluster
conclude that there may be some similarity in mechanism of four cysteine residuesi¢hnson et al., 1987This region
by which NMSO3 and heparin inhibit the infection of RSV. overlaps with four closely spaced cysteine residues (posi-
Heparin binding proteins are known to interact with hep- tions 173, 176, 182 and 186) that form disulfide bonds in the
arin via electrostatic charge interactions generated betweerpatterns 1-4 and 2-3 and create a cysteine nddséefo
the negatively charged sulfate groups on heparin and theet al., 1997.
positively charged amino acids within the proteins in the  Point mutations in the conserved region of the G pro-
heparin binding domain (HBD)Rlynn and Ryan, 1995 tein were also reported in Mab-resistant RSV and residues
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F163 and 1189 were substituted by different amino acids the G protein. These positions are apparently involved in the
(Martinez et al., 199y This indicates that even the amino antiviral action of NMSO3 against RSV.

acid sequence in the conserved domain can be changed when

the antiviral substance works on this location and then re-
sistant mutants escape the action of inhibitors. Therefore
it can be deduced that NMSO3 probably interacts with the
central conserved segment of G protein ectodomain and mu-

tati . . 'dg in thi p. tiall t Bourgeois, C., Bour, J.B., Lidholt, K., Gauthray, C., Pothier, P., 1998.

ations in ‘rf‘mmo a(?' S In this region may parually ac?oun Heparin-like structures on respiratory syncytial virus are involved in

for the antiviral resistance of NMSO3. In above mentioned s infectivity in vitro. J. Virol. 72, 7221-7227.

reports byTeng et al. (2001and Teng and Collins (2002) Cane, P.A., Pringle, C.R., 1995. Evolution of subgroup A respiratory
they created additional recombinant RSVs in which the ma-  syncytial virus: evidence for progressive accumulation of amino acid
jor parts of HBD were deleted, that is, amino acids 167-181 Felfjrr‘:;‘gess'”Athz::g;/hm;m prgf;?e'rj'J\ﬁAm"1%%929|zi;izizt'ion o a

an_d_187_197' Thes-e recombinant RSVs did not lose thelr linear heparin binding domain for human respiratory syncytial virus

efficiency of g_rowth in HEp-2 as W.e|| as Vero cells and still attachment glycoprotein G. J. Virol. 73, 6610-6617.

proved sensitive to soluble heparin. Thus, HBD of G pro- Flynn, S.J., Ryan, P., 1995. A heterologous heparin-binding domain can
tein may not be indispensable for the binding of RSV to promote functional attachment of a pseudorabies virus gC mutant to
heparin-containing receptors. cell surfaces. J. Virol. 69, 834—-839.

. Hosoya, M., Balzarini, J., Shigeta, S., De Clercq, E., 1991. Differential
More recently, the G protein of RSV was shown to be a inhibitory effects of sulfated polysaccharides and polymers on the
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