PArRAINFLUENZA VIRUs (TvPE 2) NEURAMINIDASE

The increased toxicity of methylglyoxal in
oxythiamine treated mice as compared to py-
rithiamine treated ones may be dependent on
the known differences in action of these an-
tagonists. Pyrithiamine inhibits the phos-
phorylation of thiamine. When administered
to animals it causes a variable decrease in
thiamine pyrophosphate concentration in cer-
tain tissues. Oxythiamine, however, is itself
phosphorylated and then acts as a competitor
with thiamine pyrophosphate for active en-
zyme sites(7). Jones(6) has shown that
neither a thiamine deficient diet nor the ad-
dition of thiamine antagonists to the diet
markedly inhibited pyruvate decarboxylation.
However, he did note that oxythiamine had
a specific, though limited, inhibiting effect on
pyruvate decarboxylation. It has been shown
that oxythiamine is a more potent inhibitor
of lactic dehydrogenase than pyrithiamine
(8). It is thus reasonable to expect that ad-
ministration of a large dose of oxythiamine
would more profoundly alter carbohydrate
metabolism than an equivalent dose of pyri-
thiamine. Since methylglyoxal is oxidized
vie lactic acid, an alteration in carbohydrate
metabolism resulting from previously admin-
istered oxythiamine would be likely to en-
hance its toxicity.

The failure to detect methylglyoxal in the
brain, muscle or urine of mice made thiamine
deficient by dietary means is in agreement
with the observations of Liang(2) on rats.
Our inability to detect it in the oxythiamine
treated mice was somewhat disappointing in
view of the toxicity studies. However, Drum-
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mond has shown that even in markedly defi-
cient animals, the level of glyoxalase activity
may not be reduced sufficiently to prevent its
oxidation to lactic acid(1).

Summary. Intraperitoneal injection of
methylglyoxal was toxic to mice, the LDso
in normal mice after 24 hours being 290 mg/
kg. The cause of death with doses of 400
mg/kg and above appeared to differ from
that produced by lower doses. Neither pre-
treatment with a thiamine deficient diet
nor pyrithiamine significantly affected the
toxicity of methylglyoxal. However, pre-
treatment with oxythiamine lowered the LDso
of methylglyoxal to 150 mg/kg. Methylgly-
oxal was not detected in the urine of normal
mice given methylglyoxal, nor in the urine,
brain or muscle of mice treated with pyri-
thiamine or oxythiamine or in mice fed a
thiamine deficient diet.
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The ability of the influenza viruses to
elute from erythrocytes appears to be de-
pendent upon the presence of active neura-
minidase in the viral particle(1,2,3,4). The
parainfluenza viruses are also able to agglu-
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tinate and elute from erythrocytes(5), but
direct evidence for neuraminidase has been
lacking. This paper presents the results of
investigation into the enzymatic properties
of parainfluenza virus (type 2) in relation to
infectivity, hemagglutinin and receptor speci-
ficity.

Materials and methods. A line of stable
human amnion cellst was grown at 37°C in
Eagle’s basal medium with Hanks’ balanced
salt solution and 10-15% calf serum. Type 2
parainfluenza virus (CA virus) was obtained
from The American Type Culture Collection.
Washed monolayers in 32 ounce bottles were
infected with 10%-10° TCID;, of virus, and
the virus harvested 3-4 days later. Virus was
cencentrated from culture fluid by centrifu-
gation at 50,000 to 100,000 g for 60 to 90

“autes, and resuspended to 1/100 the origi-
nal volume in 0.9% NaCl. Cells remaining
in the culture flasks were scraped from the
glass into saline, washed once, resuspended
in a volume of 5-10 ml and subjected to
ultrasonic vibration for 10 minutes in a Ray-
theon Sonic Oscillator, model DF 101. The
sonicate, combined with virus concentrated
from culture fluid, was clarified by centrifu-
gation at 3,000 rpm. The final preparation
gave a hemagglutinin titer of 1/512 to 1/2560
and contained 10° to 10 TCID; per ml.
Hemagglutination tests were performed at
4°C using 0.4 ml of virus dilution and 0.1
ml of 2% washed chicken erythrocytes in
0.9% NaCl buffered to pH 7.2 with M/15
phosphate. Hemagglutination inhibition tests
were performed at 4°C in buffered saline
using 5 hemagglutinating units of virus for
0.1 ml of 2% chicken erythrocytes in a final
volume of 0.7 ml. End points were read by
pattern after 30 minutes. For infectivity ti-
trations, washed monolayers of stable human
amnion cells in screw cap tubes were inocu-
lated in duplicate with 0.2 ml of serial ten-
fold dilutions of virus, and fresh growth me-
dium was added after 45 minutes’ incubation
at 37°C. Three days later the cultures were
examined for hemadsorption with guinea pig
erythrocytes(6). The virus titer was taken as

t Kindly supplied by Dr. W. R. Dowdle, Respiro-
virus Unit, Communicable Disease Center, Atlanta,
Ga.

ParAINFLUENzA VIRUs (TYPE 2) NEURAMINIDASE

the highest dilution that produced 2 or 3
areas of hemadsorption in one or both du-
plicate tubes. The neuraminidase activity in
concentrated virus preparations was esti-
mated by measuring the rate at which N-
acetylneuraminic acid was liberated from a
standard substrate, Collocalia mucoid(7),
and expressed as a percentage of the total
N-acetylneuraminic acid obtainable by hy-
drolysis at 80°C for 20 minutes in 0.1 N
H.SO,. In various experiments, Collocalia
mucoid and virus sonicate preparations were
mixed in the proportion of 2 to 20 mg of
mucoid per mg of viral sonicate nitrogen
measured by the microKjeldahl procedure
(8). 0.2 ml aliquots of the mixture were
withdrawn at zero time, and subsequently at
appropriate intervals, heated to 75°C for
10 minutes to destroy enzyme activity, and
stored at 4°C until analyzed for free N-ace-
tylneuraminic acid by the thiobarbituric acid
method of Warren(9). A sample of the stan-
dard preparation of mucoid was hydrolyzed
with each set of determinations.

Experimental results. The effect of type 2
parainfluenza virus on chicken erythrocyte
receptors was determined. 3 ml of virus
(hemagglutinin titer of 1/1024) was mixed
with 12 ml of 3% chicken erythrocytes, rep-
resenting a ratio of virus to erythrocytes ap-
proximately 400 times that of the hemagglu-
tinating unit. Virus absorption and elution
were promoted by holding the mixture for
15 minute periods alternately at 4°C and
37°C, with agitation, through a total of 6
cycles. After storage overnight at 4°C, the
cells were centrifuged, washed 5 times in
buffered saline, and used in hemagglutina-
tion titrations with various myxoviruses.
Erythrocytes treated with type 2 parainflu-
enza virus were stable, and no longer agglu-
tinable by the same virus. Receptors for the
other myxoviruses tested, however, were un-
affected (Table I).

The pH optimum for type 2 parainfluenza
virus neuraminidase activity in M/15 phos-
phate or acetate buffers was between 4.5 and
5.5 with Collocalia mucoid as substrate (Fig.
1). Under these conditions, the most active
virus preparations released 40-50% of the
total N-acetylneuraminic acid present in the
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TABLE 1. Effeet of Type 2 Parainfluenza Virus
on Chicken Erythrocyte Receptors.

Reciprocal of hemagglutinin titer

Erythroeytes
Normal  treated with para-
Viruses* erythrocytes influenza 2 virus

Influenza

PR, (A) 64 64

Lee (B) 256 256

Great Lakes (B) 16 16

Swine 512 512
Newecastle disease 64 64
Mumps 512 512
Parainfluenza 2 512 <8

* All viruses except parainfluenza were in the
form of infective chorioallantoic fluid.

mucoid in 8-10 hours (Fig. 2). Sonicates
of uninfected cells displayed negligible neu-
raminidase activity. The rate of neuramini-
dase activity at 4°C over this period of time
was half that at 37°C. Heating the virus
for 10 minutes at 50°C did not reduce
neuraminidase activity. However, heating at
75°C for 10 minutes abolished all detectable
activity. Divalent cations (10—2 M concen-
trations of Co*+, Cut+, Fet+, Mgt+,
Mnt+, Nit+, and Znt+) had no effect on
enzyme activity at pH 5.5 at 37°.

Attempts were made to convert type 2
parainfluenza virus in cell sonicate at pH
6.8-7.2 to the indicator state by heating at
56°C for appropriate periods of time. In
preparations having a hemagglutinin titer of
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FIG. 1. pH optimum for neuraminidase activity
of type 2 parainfluenza virus. Virus incubated with
Collocalia mucoid in M/15 acetate or phosphate
buffers (pH 3.5 to 7.5) for 19-23 hr. Summary of
5 experiments.
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1/2048 and an infectivity titer of 10°
TCID;, per ml, hemagglutinin and infectivity
disappeared after one hour, and enzyme ac-
tivity only after 2 hours of heating at 56°C
(Table II). Under these conditions, it was
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FIG. 2. Neuraminidase activity in sonicates of
infected and uninfected cells. O, Infected cell sonicate
and Collocalia mucoid; [J, uninfected cell sonicate
and Collocalia mucoid; @, infected cell sonicate and
buffer; M, uninfected cell sonicate and buffer. (All
at 37°C, pH 5.5.)

*/, of TOTAL NANA RELEASED

TABLE II. Effect of Heat on Infectivity, Hemag-
glutinin and Neuramidase Activity.

Duration Reciproeal of

of heating hemagglu- Infectivity Neuramini-

to 56°C  tinin titer titer dase activity*
0 min 2048 10-® 45
10 7 128 10— 45
30 7 8 10-2 34
1hr <4 <10t 15
2" <4 <1071 10
57”7 <4 <107 0

* 9 of total hydrolyzable NANA liberated in 19
hr from Collocalia mucoid at pH 5.5 and 37°C.

not possible to destroy infectivity without
also losing all hemagglutinin. Thus the virus
could not be changed to the indicator state
as originally defined(10,11).

Various mucoids were tested for their abil-
ity to inhibit unheated type 2 parainfluenza
virus hemagglutinin. For comparison, a stan-
dard A; strain of influenza virus (FM;),
which had been heated at 56°C sufficiently
long to destroy infectivity without appreci-
able loss of hemagglutinin, was included as
an indicator virus. Hemagglutination by this
indicator was inhibited by 1 pg each of Col-
localia mucoid, sputum inhibitor(12-15), and
purified viral receptor substance from human



1094

erythrocytes(16). All of these latter sub-
stances, at levels of 50 ug, as well as horse
serum in a dilution of 1/10, were inactive
against type 2 parainfluenza virus hemag-
glutinin, The same horse serum at a dilution
of 1/500 was active against an inhibitor-
sensitive strain of A, influenza virus
(RI/5+).4

Type 2 parainfluenza virus hemagglutinin
could be dissociated from neuraminidase in
sonicates of infected cells by centrifugation
100,000 g for 1 hour, the hemagglutinin
being found only in the sediment and most
of the enzyme in the supernatant. Separa-
tion of soluble enzyme from other sonicate
components by electrophoresis in agar was
unsuccessful.

Comment. Type 2 parainfluenza virus
agglutinates and elutes from erythrocytes in
a manner analogous to that of influenza
virus, with consequent loss of receptors for
the homologous virus. Partial destruction of
these receptors by 32 HA units of fresh type
2 parainfluenza virus preparations has been
reported(5). In the present experiments,
complete inactivation of homologous recep-
tors was achieved by using approximately 10
times this concentration of virus (400 HA
units). Receptors for other myxoviruses
tested, however, were not affected under these
conditions.

Type 2 parainfluenza virus enzyme liber-
ates N-acetylneuraminic acid from Collocalia
mucoid at temperature and pH optima simi-
lar to those reported for the influenza virus
neuraminidase (37°C and pH 5.5)(4). In
contrast to most influenza viruses, however,
type 2 parainfluenza virus cannot be con-
verted by heating at 56°C into the “indi-
cator state.” In this respect, type 2 para-
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influenza virus resembles the A, (Asian)
strains of influenza virus, in which the hem-
agglutinin is destroyed before the neuramin-
idase by heating at 56°C(7).

On the other hand, the hemagglutinin of
infective type 2 parainfluenza virus is not
inhibited by sialomucoids active against
numerous strains of influenza virus, includ-
ing A, strains, or by the gamma inhibitor
of horse serum, suggesting that the group-
ings necessary for combination with type 2
parainfluenza virus may differ significantly
from those which bind influenza virus.
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