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Summary. — Substance P, a neuropeptide of the tachykinin
group, inhibits measles virus replication in cell culture and
partially blocks viral fusion activity assayed in the haemolysis
system. The ID3¢ for the inhibition of measles virus single-cycle
replication is 0.6 wmol/l, and the effect is fully reversible. The
antiviral activity of substance P corresponds to that of previously
described synthetic tri-to heptapeptides. Tachykinins and these
oligopeptides share a short homology with the N-terminus of
paramyxovirus fusion proteins.
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Measles are still a major medical problem, causing 900 000 deaths annually
(Mitchell et al., 1985). Measles virus is neurotropic. The infection, and also
the administration of live attenuated vaccine, are accompanied by reversible
EEG changes. The infection can be complicated by various forms of encepha-
litis (Gendelman et al., 1984). Vaccination programs, even in the developed
world, have not succeeded in eliminating the virus (Mitchell et al., 1985).
Therefore, antiviral chemotherapy would be a useful supplement to vaccina-
tion.

Anti-measles compounds have been identified in vitro but have not been
clinically tested. Oligopeptides (Norrby, 1971; Richardson et al., 1980;
Richardson and Choppin, 1983) and norakin (Presber et al., 1984; Schroeder
et al., 1985) show promising activity in vitro. Measles virus-inhibiting
peptides of 3—7 amino acids share the sequence phe-phe-gly with the N-
-terminus of the Sendai virus fusion (F1) protein. The peptides inhibit
measles virus penetration by binding to sites on the cell surface which have
been hypothesized to be F1 protein receptors (Richardson and Choppin,
1983). The sequence phe-phe-gly is also found in the neuropeptide substance
P (for reviews see Porter and O’Connor, 1981; Oehme et al., 1981) which
consists of 11 amino acids: arg-pro-lys-pro-gin-gln-phe-phe-gly-leu-met-NHo.
Substance P belongs to a class of neuropeptides called tachykinins which
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Table 1. Inhibition of measles virus single-cyele reproduction by substance I’

Substance Experiment 1 Experiment 2
pmol/l PFU/ml 9, inhib. PFU/ml 9, inhib.
0 7.6 x 102 0 4.06 x 102 0
0.0625 5.3 x 102 30 n.d. n.d.
0.625 4.3 x 102 43 1.91 x 102 53
6.25 1.7 x 102 78 3.03 x 101 93
62.5 0 100 1.0 x 10t 98

Vero cell monolayers in 10 ml scintillation vials were washed twice with serum-free medium
and infected with serum-free measles virus at a MOI of 0.1 PFU/cell in the presence or absence
of substance P. All further steps were performed in the presence of substance P, where indicated.
The inoculum was removed after 1 hr incubation at 37 °C by washing once and incubation was
continued at 37 °C for 23 hr. Background virus was assayed from control cultures harvested
2 hr p.i. Virus was harvested by three cycles of freezing and thawing and assayed as described
(Presber et al., 1984). Substance P was synthesized by M. Bienert (Institut fiir Wirkstofforschung
der Akademie der Wissenschaften der D.D.R., Berlin).

differ (among others) in the central amino acid of phe-x-gly, x being phe,
tyr, val or ile (Erspamer, 1981). The N-terminal sequence of measles virus
F1 protein has recently been determined to be phe-ala-gly (Norrby, personal
commun.).

In view of the sequence homologies between viral fusion proteins, inhibitory
peptides and tachykinins, the effect of substance P on measles virus single-
-cycle reproduction was tested. Substance P inhibits single-cycle replication

Table 2. Inhibition of measles virus-induced haemolysis by substance P, Boc-D-phe-L-phe-gly
and Boe~L-phe-L-phe gly

Compound pmol/l 9 inhibition
of haemolysis

Substance P 6.25 8.5
Boc-D-phe-L-phe-gly 6.25 23
Substance P 62.5 32
Boc-D-phe-L-phe-gly 62.5 83
Boc-L-phe-L-phe-gly 100 23
Boc-L-phe-L-phe-gly 1000 67

Cercopithecus aethiops erythrocytes supplied in a stabilizing medium (2.59, glucose, 10 mmol/l
citric acid, 45 mmol/l Nag citrate) by the Institut fiir Angewandte Virologie (Berlin) were used
on the day of bleeding. The erythrocytes were washed 4—5 times with PBS at 4 °C. Erythrocytes
were adjusted to 19, (vol/vol) final concentration in PBS at 4 °C, compound was added, followed
immediately by serum-free measles virus concentrate, and the suspension was incubated for
30 min at 4 °C. Following a shift to 37 °C, incubation was continued for 2 hr in a shaker and
terminated by rapid cooling in an ice bath. Erythrocytes were pelleted by centrifugation for
10 min at 1000 rev/min and released haemoglobin was determined spectrophotometrically. All
assays were done in duplicate. The data were calculated from extinction differences between
samples with and without (spontaneous haemolysis) virus. Average data from two independent
experiments are given.
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by more than 909, at 6.25 umol/l, the ID5o being about 0.6 umol/l (Table
1). This activity is comparable to that of Z-D-phe-phe-gly in a plaque
reduction assay (Richardson ef al., 1980). The antiviral effect of substance P
is completely reversible: no inhibitory effect is observed in a multicycle
reproduction assay, and in a plaque reduction test there is 509, inhibition,
indenpendent of initial substance P concentration between 0.625 pmol/l
and 62.5 umol/l. In all three assays (single-cycle, multi-cycle and plaque
reduction) with incubation periods from 1 to 5 days, the Vero cell monolayers
revealed no toxic influence of substance P up to 62.5 pmol/l.

The mode of action of substance P as an inhibitor of measles virus replica-
tion is under study. Three, mutually not exclusive mechanisms are con-
ceivable. An increase in cAMP levels (Robbins and Rapp, 1980; Miller and
Carrigan, 1982) and interference with calmodulin-dependent enzymes in the
presence of calcium (Bohn et al., 1983) inhibit measles virus replication.
The third, and more interesting possibility is that substance P, in analogy to
the synthetic peptides, might block a cellular receptor for measles virus
F1 protein. ‘

Inhibition of measles virus fusion activity can be modeled in a haemolysis
assay. The short oligopeptides have been shown to block measles virus-induced
haemolysis (Norrby, 1971; Richardson et al., 1980). Substance P also in-
hibits haemolysis (Table 2), however, markedly less than single-cycle re-
production (Table 1). Inhibition of haemolysis is observed at concentrations
not below 6.25 pmol/l. The reference compound Boc-D-phe-phe-gly has
a stronger, Boc-L-phe-phe-gly a weaker effect at these concentrations. Such
a discrepancy between antiviral activities in virus reproduction assays
and haemolysis tests was also observed in the case of Z-D-phe-phe-gly, where
the respective IDs5gs are 0.2 and 40 wmol/l (Richardson et al., 1980).

The reversibility of the antiviral effect of substance P in cell culture and
its relatively low activity in the haemolysis assay could result from proteolytic
degradation of the neuropeptide. Substance P is attacked by various prote-
ases (Kato et al., 1978; Berger et al., 1979; Chrétien et al., 1980) and has an
extremely short half life of about 15 sec in certain organs as in rat vas de-
erens, guinea pig ileum (Watson, 1983) or in the rat circulation (Conlon and
Goke, 1984). We are presently investigating the effect of protease inhibitors
on the antiviral and antifusion activities of substance P. These inhibitory
activities could be due to substance P itself or to its degradation product(s)
as has been suggested for specific physiological effects of the neuropeptide.

Whatever the antiviral mechanism of action of substance P is, its elucida-
tion may contribute to our understanding fo the nature of the fusion protein
receptor and of the molecular basis for measles virus neurotropism and
persistence.
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