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... -.Li sc Tr -M O5oiri
9Concerning the existence of o-oluble and vir.us-linked fraction3 ofcou-ple:ment-fixing z.-itez and he.ýLZiu'-r~in of vaccinia virus.

by 2. Wigand and G..ilo.

Archiv f. d. ges. Virusforschung 10, 215-225 (19LO). 2:.rtial
translation.

Studies of the serological properties of vaccinia virus led to a
question concerning the extent to which the virus is separable quanti-
tatively, by fractional centrifugation, from its soluble complement-
fixing antigen (S-antigen); a problem that is applicable also to a . -

specific complemant fixation reaction (CF.1) with S- and virus-linkced
(V-) antigen. We were also interested in the manner in which S- and V-
antigca are formed during the chronological course of cell infectiol,
as part of our studies of the reproduction of vaccinia virus in HeLa cell
"cultures (1). 'n this connection we investigated the behavior of vaccinia
virus he'agglutinin at high-sleed centrifugation. Although it was common
knowledge since the studies of Burnet and Stone (2) that it is separable
from virus particles, in contrast to the hemagglutinin of myxoviruses,
we did not knott .-Aether virus particles free of hemagglutinin could be
obtained by repuated centrifugation•. TA paper describes the behavior
of comiplement-fixing antigen (CF-antigen) and of hemagglutinin upon
hi~a-speed centrifugation of virus material from rabbit skin End HeLa
cultures@ fbronological production of 3- and V-antigen and of hemagglutinin
in the He I ell will be published elsewhere (1). 'e further report on
some experie es with CFR utilizing different antigens of vaccinia virus.

Discussion

Results of centrifugation tests confirm the existence of a virus-
linked and a soluble CF-antigen. The fact that they possess different
specificity follows from studies by Mayr and others (9) of a variable
course in fornation of 3- and V-antibodies. It was shoun, moreover, that
repeated (up to 9-fold) centrifugation fails to produce virus suspensions
free of S-antigen, even though the S-antigen content can be reduced to
small values. It is not clear %hether subsequently liberated S-antigen
comes from the surface or the interior of virus particles, or from foreign
substances. In addition, V-antigen was found to retain the same CF-activity
after repeated sedimentation, even when storage had liberated additional
S-activity.

According to investigations by Chu (12) and .ayr (13), there can be
no doubt about the serological disparity of S-antigen and hemagglutinin.
It is true that both activities behave similarly in supernatants of rabbit
skin upon repeated centrifugation (cf. Table 1). However, while the
complement-fixing activity in the sediments rezzainod constant upon repeated
centrifugation, a steady decrease in hemagglutinin content %as noted during
treatment, but especially upon storage of the suspension. We conclude



that there is no hemagglutinin -hich is securely linked to the virus
particle (in contrast to complemient-fixing V-antigen). Rather, the
hemagglutinin is liberated by the virus particle or by accompanying
substances, as in the case of S-antigen.

Nith respect to the behavior of hamagglutirtn upon hi-h-zpced cent-i-
fugation of vaccinia virus from rabbit skin or chorioallanto*s (Table 5),
the studies of Chu (12) and Tagaya (14) showed reduction Zn .h_ HA titxr,
which occurred more rapidly ir. the supernatant aand , .• .....n in our
investigations. These findings are easily reconciled with oau hypothesis.
Upon centrifugation of ectromelia and vaccinia viruses from chorio-
allantoic membranes, Mayr (13) found rapid reduction of HA titer in
supernatants, whereas the decrease was only slight in the sediment. He
inferred the existence of a hemagglutinin fraction bound to the virus
particle. Mayr's results with respect to sediment deviate only slightly
from ours (Table 5), making his interpretation less forceful (we did not
subject the virus to frequent centrifugation and storage).

Certain differences in the properties of hemagglutinin found in the
supernatant and sediment, as described by Gillen and others (15) and
recently by Youngner and Rubinstein (16), may be explained by dissimilari-
ties in the reaction milieu in which the tests were carried out. We
therefore endorse the concept expressed by several other authors (17,14,13)
that vaccinia virus hemagglutinin is a homogeneous substance. This
assumption is supported by recent data of other authors. Remagglutinatin-
and infective activities of vaccinia virus were separated quantitativelyQ by columnar chromatography (18). Passage through ascites tumor cells
produced virus strains that not only failed to show MA, but no longer
produced HA-inhibiting antibodies upon immwnization (19). These properties
would resist explanation if there were two hemagglutinins wi.th different
qualities , one of them securely bound to the virus particles.

The behavior of vaccinia virus from Hela cultures resembles that
from rabbit skin upon centrifugation. As shown above, the liquid phase
contained almost exclusively S-antigen, the cell phase a major share of
the latter. Due to the low activity of HeLa antigens, we limited our-
selves to .tmo-fold centrifugation and dispensed with storage tests.

Virus centrifuged after extensive removal of S-antigengave variable
ratios of infectivity:CFR for HeLa cultures; the mean (5"105) was con-
siderably lower than in the case of virus from rabbit skin (2 to 5.1o7)
(of. Tables 1 and 2). The significance of this difference will be dis-
cussed elsewhere (1). The ratio of infectivity:HA was within the same
order of magnitude; however, this fact has no great importance due to
the liberation of hemagglutinin during preparation.

Based on our experience with various CF antigens of vaccinia virus
(cf. Table Q), we consider antigens of rabbit skin most suited for
practical use. They permit ready production of 3- and V-antigen in great
quantities and adequate purity. S-antigen with a high titer is prepared
by two-fold oentrifagation at high speed; the low residual infectivityo



Q cannot be expected to cause seroloC.ca! V-activiety. Although this antigen
certainly contains far more itoritiro t•ha•hat produced by Yzayr and
others (9) from chorioallantoic membranes by purification, it should also
serve practical needs. V-antigen is obtained by repeated centrifu&ation
of virus particles at high speeds; treatment is preceded by a final spin.
Anticomplementary activity and reaction with standard rabbit sera are so
low that they fail to set in at working dilutions. Thus Craigie and
.ishart (20) noted neither reaction with standard sera nor anticompiementary
activity in similarly prepared antigens, presumably due to high dilutions.
Antigens from HeLa cultures can be stored in a sterile state without
freezing, but their relatively weak action and the anticomplementary
activity in the liquid phase (5) constitute disadvantages. Antigens from
chorioallantoic membranes are not suitable if work is to be done with
rabbit sera. The tested antigens of vaccinia virus may be stored without
loos of activity at refrigerator temperatures (3 months) if sterile, or
frozen for at least half a year.
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