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Previous studies have shown that hemag-
glutination (HA) of the H-viruses, members
of the Parvovirus group, is individually spe-
cific and diagnostic with respect to the types
of erythrocytes agglutinated (1); is resistant
to proteolytic enzyme attack, and, in fact,
is enhanced by papain (2) and ficin (un-
published data); is resistant to a wide range
of pH and heat (3), and, in the case of two
of the H-viruses, namely, H-1 and HB, is
inhibited by a glycoprotein fraction of hu-
man placental fluid (4). In addition, the
reversible sensitivity of the HA to p-chloro-
mercuribenzoate (PCMB) indicates that
virus-bound sulfhydryl (SH) groups may be
important to the H-1-erythrocyte union
2,5).

Studies underway in our laboratory on the
immunoelectron microscopy of H-1 infected
hamster embryo (HE) cells required that
the effect of tissue fixatives on the HA and
antigenic properties of purified H-1 prepa-
rations be determined. The fixatives ex-
amined were glutaraldehyde and formalde-
hyde, both of which react with and crosslink
polypeptides. Glutaraldehyde prefers amino,
imidazole, and sulfhydryl groups of amino
acids (6), while formaldehyde crosslinks
amino groups by methylene bridging (7).
Glutaraldehyde is superior to formaldehyde
with respect to fine structure preservation
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since it forms stable crosslinks more rapidly
(7).

The failure to detect H-1 antigens by
fluorescent-antibody labeling in glutaralde-
hyde-fixed infected cells prompted a study
on the effect of several concentrations of the
fixatives on the HA activity, antigenicity, and
infectivity of purified H-1 preparations. Since
our findings appear pertinent to immuno-
microscopy in general, and to clarification of
the nature of the red cell and antibody bind-
ing sites on H-1 virions in particular, results
of these studies are reported herein.

Materials and Methods. Virus. Cell cul-
ture and virus propagation methods have
been described elsewhere (8). Virus was
purified by a detergent method, employing
homogenization of sodium dodecyl sulfate
(SDS)-disrupted cells, sucrose velocity sedi-
mentation, and CsCl isopycnic centrifugation
(9). Since it has been found that virus yields
from 7-8 H-1 virus-injected newborn ham-
sters generally exceeds that of a typical tissue
culture isolate (unpublished data), in several
cases virus was purified from quick-frozen
dead or dying newborn hamsters that had
been injected subcutaneously with purified
H-1 4-5 days previously. An initial 5-min
homogenization of the entire animal in buffer
(0.05 M Tris—HClI, pH 7.4 containing 0.1 M
NaCl-0.001 M EDTA at 5°), followed by
a shorter disruption (1.5 min) in 1% SDS-
buffer at 26° preceded the steps outlined
above. Dilutions of all concentrated virus
preparations were made until the HA titer of
starting solutions was between 1280 and
5120 units. Virus and reagent dilutions were
done with phosphate-buffered saline (PBS)—
(0.02 M PO,—0.13 M NaCl, pH 7.2).
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Treatment of virus with reagents. HA
assay. Purified H-1 in distilled H,O (0.5 ml)
was mixed with an equal volume of 2X
PBS (control) or 2X solutions of fixatives
in 2X PBS to the final desired concentration.
Unless the effect of temperature on the re-
action was being studied, all solutions were
kept cold (5°) and the virus—reactant mix-
ture incubated immediately for the desired
time at 5°. Reactions were stopped by dilut-
ing the mixtures to 9 ml with cold PBS and
centrifuging the solutions at 40,000 rpm for
3 hr. The resulting virus pellets were then
resuspended to 1 ml with cold PBS for the
specified assays or to 200 uliters with
0.1 M PO,, pH 7.2, for agar gel immuno-
diffusion or to 200 pliters with 1% SDS—
1% mercaptoethanol (ME) in 0.01 M PO,,
pH 7.2 for disruption and subsequent gel
electrophoresis. Dialysis was also used to
eliminate the fixatives after reaction. The HA
assay was done as previously reported (2).
HA titers of parallel samples were generally
higher for the dialyzed aliquots than for
those which had been centrifuged, indicating
incomplete sedimentation of virus. The inter-
val between reacting the virus with fixatives
and assaying for changes in HA, hemagglu-
tination inhibition (HA-I), or infectivity was
kept to a minimum. Infectivity assays
showed that both centrifugation and dialysis
were equally effective in eliminating un-
bound fixatives. Glutaraldehyde was ob-
tained from Electron Microscopy Sciences as
10 or 8% solutions in sealed ampules. Form-
aldehyde was generated from paraformalde-
hyde by the method Karnovsky (10).

Infectivity assay. Plaque assays of treated
and control H-1 preparations were done on
single samples previously tested for HA and
HA-I, or on parallel aliquots tested sepa-
rately for HA or HA-I. The method of
Ledinko (14) was used except that a line of
SV40-transformed human newborn kidney
cells (NB) (15) were used for plaque titra-
tion in place of Salk “monkey heart” (SMH)
cultures. Data are expressed as plaque-
forming units (PFU) per ml of treated and
untreated virus preparations.

Antigenicity tests. Preparation of gamma
globulin. Ouchterlony gel diffusion. Hemag-
glutination-inhibition (HA-I). Two tests for
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antigenicity were employed: gel diffusion
and HA-I. Anti-H-1 gamma globulin from
hamsters immunized with purified H-1 was
obtained by fractionating the immune serum
on diethylaminoethyl cellulose (DEAE)
columns at 5° (11). Samples were eluted
with 0.02 M PO,, pH 7.6, and tested against
purified H-1 by radial immunodiffusion in
Ouchterlony agar (1%) plates (12). Fig-
ure 1 shows the immunoprecipitin lines
formed when DEAE-purified anti-H-1
gamma globulin is tested against purified
H-1 virus. The HA-I tests were performed
as described by Clarke and Casals (13),
except that kaolin treatment of the purified
gamma globulin was not required.

Polyacrylamide gel electrophoresis. Solu-
bilization of treated and control H-1 samples
and separation of the polypeptides on SDS-
acrylamide gels was done as described in
detail elsewhere, except that 10% gels were
also used (16).

Fic. 1. Agar gel diffusion of Ouchterlony (12).
Five microliters of DEAE-purified anti-H-1
gamma globulin was placed in the center well and
5 uliters of purified H-1 in each of the outside
wells. Diffusion was allowed to occur for 24 hr
at 37° after which immunoprecipitin lines could
be seen using incident light. Plates were then
flooded with ferritin-conjugated IgG fraction of
rabbit anti-hamster gamma globulin (Cappel
Laboratories, Inc., Downingtown, PA) and the
Prussian blue reaction was done (21).
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Results. HA activity. At 5° phosphate-
buffered glutaraldehyde in concentrations
greater than 1% (0.1 M) abolished all HA
activity of purified H-1 samples (Table I).
This concentration is 25% of that normally
used in this laboratory to preserve cellular
morphology for electron microscopy and
16% of that known to inhibit the HA of
unpurified H-1 (5). The results were the
same whether the glutaraldehyde was re-
moved from the virus sample by dialysis, or
the virus from the glutaraldehyde solution by
centrifugation (Table 1).

Formaldehyde, on the other hand, even at
4% (1.33 M), had no effect on HA
(Table I).

Effect of temperature. When virus and
fixatives were reacted at 37°, the HA was
abolished at concentrations of fixative that
had no effect at 5° (Table II; see also Tables
I and III). Increasing the rate of reaction,
therefore, quickly produces excessive cross-
links that destroy H-1 HA activity. Gluta-
raldehyde and formaldehyde added together
at 5° produced an additive effect with a re-
sulting reduction in HA and infectivity titer
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of 93.75 and 99.98%, respectively (Table
).

Effect of fixation on gel electrophoretic
mobility. Disruption of treated and control
H-1 samples with 1% SDS-1% ME at 100°
for 1 min was followed by separation of the
polypeptides on 7.5% acrylamide gels. Poly-
peptides from virions treated with 0.25%
glutaraldehyde or 4% formaldehyde had
mobilities equal to that of the untreated H-1
control, although the recovery of dissociated
polypeptides was less (Fig. 2). Fixation of
H-1 with 2.5% glutaraldehyde resulted in
poor recovery of virus polypeptides after
SDS disruption, indicating that excessive
crosslinking of capsid proteins probably
occurred, and prevented disaggregation by
hot SDS. The polypeptides which were re-
leased gave very diffuse bands, suggesting a
continuum of different forms of each result-
ing from intramolecular crosslinking.

The use of high-resolution gels has re-
vealed that, in addition to the previously
reported capsid components VP1, VP2, and
VP3 (16), the major virion protein VP2 is
resolved into two bands, VP2 and VP2

TABLE I. Hemagglutination (HA) of Guinea Pig Red Cells by Glutaraldehyde and Formaldehyde-
Treated H-1 Virus.®

HA titer?

Molarity
of Expt.
Virus and treatment reagent 1 2
H-1 + PBS (control) — 9 7
H-1 + 0.259%, glutaraldchyde 0.025 8 6
H-1 + 0.509, glutaraldehyde 0.05 — —
H-1 + 1.09%, glutaraldehyde 0.10 — —
H-1 + 1.59, glutaraldehyde 0.15 — —
H-1 + 2.09, glutaraldehyde 0.20 — —
H-1 + 2,59, glutaraldehyde 0.25 0 0
H-1 +2.79, formaldehyde 0.90 8 7
+ 02% picric acid
H-1 4 49, formaldehyde 1.33 8 7
H-1 + 2.5%, formaldehyde 0.83
+ 0259, glutaraldehyde 0.025 — 8

Infectivity

3 4 5 6 7 8 Mean ofExpt.5*

6 8 9 9 6 7 76 1 x 10" PFU
6 8 9 10 6 8 76 1 x10°

4 5 6 — — — 50 15 x 10¢

0 4 1 6 3 0 23 125 x10°

0 0 0o — — — 0 0

0 0 o — — — 0 0

0 0 0 0o — 0 0 0
S 75 —

- - — 10 — 8 8.3 —
- 8 —

¢ Virus and reagents were incubated for 30 min at 5° and then separated by centrifugation at 40,000 rpm
for 3 hr. The pellets were then resuspended to the original volume (1 ml) and tested for HA activity.

®Titers are expressed as that dilution at which hemagglutination was complete. 1 = 1:10; 2 = 1:20;
3=1:40; 4 =1:80; 5 = 1:160; 6 =1:640; 8 = 1:1280, etc.

“In this experiment reactants were dialyzed against 500 ml of PBS at 5° overnight after incubation.

¢ Plaque-forming units per ml of treated or untrcated H-1 preparations.
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TABLE II.
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Hemagglutination (HA) of Guinea Pig Red Cells by Glutaraldehyde and

Formaldehyde-Treated H-1. Effect of Temperature.®

HA Titer®
Expt. 1 Infectivity of
37° Expt. 2 Expt. 3 Expt. 3° (PFU/ml)
37° 37° 5° 5o
Virus and treatment Dialysis ~ Cent.  dialysis Cent. Cent. Cent.
H-1 + PBS (control) 12 10 13 10 9 9.2 x 107
H-1 + 0.25%, glutaraldehyde 0 0 0 2 8 9.0 x 10°
H-1 + 4.0%, formaldehyde 0 0 0 0 8 25 x 10°
H-1 + 0.25%, glutaraldehyde, 2 0 0 0 5 25 x 10

4.09, formaldehyde

¢ Virus and reagents were combined for 30 min at 37° or 5° and then separated by centrifu-
gation at 40,000 rpm for 3 hr or by dialysis at 5° against 500 ml of PBS overnight.
® Titers are expressed as that dilution at which hemagglutination was complete. See legend for

Table 1.

¢ Plaque-forming units per ml of treated or untreated H-1 sample.

Despite the fact that virion disaggregation is
done in the presence of 1% mercaptoetha-
nol, and even when 0.1 M cysteine is present
in the electrophoresis buffer, the splitting of
the VP2 band occurs, so that this must be
due to causes other than that responsible for
the similar finding in Sindbis virus (17).
The major virion protein of another parvo-
virus, the densonucleosis (DNV) virus of a
lepidopteran, has also been reported to form

a double VP2 band in gels of higher con-
centration (18). The reason for this is cur-
rently under investigation.

Infectivity. Glutaraldehyde at 0.25%
(0.025 M) reduced H-1 infectivity by 90%
while the HA activity of a parallel, treated
virus sample remained unchanged (Tables I,
11, and III). Further increases in glutaralde-
hyde gradually lowered both the HA and
infectivity of H-1 (Table I, expt. 5). The

g n llllllllll l'll'lll! llllllll

Fic. 2. Capsid proteins of treated and untreated H-1 virions. Virions were disrupted by
heat and SDS and separated by electrophoresis on 7.5% gels (16). 1. H-1 + PBS; 2. H-1 +
0.25% glutaraldehyde; 3. H-1 + 4% formaldehyde; 4. H-1 + 2.5% glutaraldehyde. Protein
fractions were stained with Coomassie brilliant blue (16). Migration is toward the anode at

the right.
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infectivity of the same virus sample tested
previously for both HA activity and anti-
genicity (HA-I) was decreased by 90%
after treatment with 0.25% glutaraldehyde
or 4% formaldehyde (Table IIT). The com-
bination of glutaraldehyde and formalde-
hyde was more effective in destroying in-
fectivity than was each compound acting
separately (Tables II, I1I). The drop in
infectivity caused by glutaraldehyde and
formaldehyde was the same whether dialysis
or centrifugation was used to eliminate un-
bound fixative (Table III). These results
imply either a swift penetration of the virions
by the fixative to react with the DNA or an
irreversible attachment to the capsid pro-
teins preventing subsequent uncoating, since
the infectivity rather than the attachment of
the virions seems more impaired.

HA-1 assay. Glutaraldehyde at 0.25%
preserves both H-1 HA activity and anti-
genicity (Tables I, II, and IIT). Further
increases in the glutaraldehyde concentration
to 1% abolished HA activity of H-1, and
such preparations, therefore, could not be
used for HA-I tests. In an experiment not
shown here, exposing H-1 to 0.5% glu-

TABLE III
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taraldehyde for increasing periods (0-60
min) at 5° did not affect its ability to bind
subsequently to antibody or red cells. Form-
aldehyde was also innocuous to both the
H-1 virus red cell and antibody-binding sites
(Table IIT).

Immunogel diffusion. Since higher concen-
trations of glutaraldehyde abolished HA ac-
tivity of H-1, the question of whether or not
antigenicity remained after such treatment
could not be answered by the hemagglu-
tination-inhibition assay. Immunogel diffu-
sion, however, as developed by Ouchterlony
(12) is a sensitive method for measuring the
antigenicity of proteins. Treated and control
H-1 samples were tested by resuspending the
virus pellets in PBS after centrifugation and
allowing them to diffuse in 1% agar against
a central well containing purified anti H-1
globulin. Figure 3A and B shows that while
0.25% glutaraldehyde and 4% formalde-
hyde did not impair the formation of im-
munoprecipitin lines by treated H-1 and
gamma globulin, 2.5% glutaraldehyde ap-
parently destroys the antigenic groupings of
H-1.

Discussion. During studies of H-1 virus

Hemagglutination (HA), Hemagglutination-Inhibition (HA-I), and Infectivity

Tests of Formaldehyde and Glutaraldehyde-Treated H-1.°

Virus and treatment

Reagents removed by dialysis
H-1 4+ PBS (control)
H-1 + 0.25%, glutaraldehyde
H-1 4 4.09, formaldehyde
H-1 + 0.25%, glutaraldehyde,
4.09, formaldehyde
Reagents removed by centrifugation
H-1 + PBS (control)
H-1 + 0.25%, glutaraldehyde
H-1 + 4.09, formaldehyde
H-1 + 0.25%, glutaraldehyde,
4.09, formaldehyde

HA? HA-I° Infectivity?

8 3.7 x 10®

0 8 7.5 % 10°

0 8-9 14 x 10"

7 8 45 x 10*

7 8 5 x 10™-1 x 108

6 8 1 x 107

7 8 6 x 10°

0 — 1 x 10

¢Virus and reagents were incubated for 30 min at 5° and then separated by centrifugation
at 40,000 rpm for 3 hr or by dialysis at 5° against 500 ml of PBS overnight. The virus pellets
resulting from centrifugation were resuspended to the original volume (I ml) and tested for
their ability to bind to red cells, bind anti-H-1 globulins or produce plaque formation on NB

cell monolayers.
® Sce legend for Table I.

¢ HA-T titer is taken as the highest dilution of anti-H-1 globulin which causes complete or

near complete inhibition of 8 units of H-1 (13).

?Sce legend for Table II,
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2

F1G. 3. Ouchterlony gel diffusion of treated and untreated H-1 virions. Center wells (1)
contain anti-H-1 gamma globulin. A. Wells 2-4, H-1 + PBS; Wells 5-7, H-1 + 4% form-
aldehyde. B. Wells 24, H-1 + 0.25% glutaraldehyde; Wells 5-7, H-1 + 2.5% glutaraldehyde.
Diffusion allowed to proceed for 2 days at 26°. Plates were then washed with 20% methanol
in 0.15 M NaCl and stained with 0.1% Coomassie blue in 7.5% acetic acid containing 50%

methanol.

antigen localization prior to immunoelectron
microscopy, it was found that 2.5% glu-
taraldehyde abolished the reactivity of in-
fected cells to anti-H-1 Fluorescein-labeled
antibody. This is apparently not the case
with another parvovirus, e.g., the densonu-
cleosis virus of lepidoptera (19). In this
study, we examined the effects of various
fixatives on H-1 virus,

Concentrations of glutaraldehyde greater
than 1% abolished the hemagglutinating
activity and infectivity of H-1 preparations.
Antigenicity as measured by Ouchterlony
precipitin lines was lost, as well as the re-
activity of infected cells with cytochrome
c-labeled anti-H-1 globulin. Formaldehyde,
on the other hand, at 4% produced no sig-
nificant loss of HA, but caused some loss of
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infectivity. Considerable antigenicity of the
viral proteins remained as seen by the pre-
cipitin lines in agar and in the retention of
sensitivity to hemagglutination-inhibiting
antibodies. Glutaraldehyde (0.25% ) caused
similar effects to those of 4% formaldehyde,
with greater loss of infectivity than HA or
antigenicity.

A combination of 4% formaldehyde and
0.25% glutaraldehyde also led to consider-
able loss of infectivity with variable reten-
tion of HA and antigenicity; the loss of in-
fectivity with the combination was much
greater, in proportion to the loss of HA,
than with either fixative, alone. This greater
sensitivity of infectivity than the other pa-
rameters can be attributed to the interaction
of the fixatives with the single-stranded DNA
of the virus (20) and also, possibly to the
crosslinking action of the fixatives which
would make uncoating of the virus more
difficult. This was well substantiated by the
polyacrylamide gel electrophoresis studies in
which the 2.5% glutaraldehyde fixed virus
yielded virtually no capsid proteins after the
usual disruption and reduction in the pres-
ence of hot SDS and ME.

The nature of the interaction between pro-
teins and the fixatives would preclude their
use as fine tools for distinguishing between
the identity or nonidentity of the red cell
attachment groups and the antigenic sites on
the viral capsid. The loss of both parameters
seemed simultaneous and the constancy of
the HA-I titers implied very similar reactions
to the fixatives of the HA site and the anti-
genic site involved in HA-I, as would be
anticipated.

Experiments based on these results, to be
detailed elsewhere (I.S. manuscript in prepa-
ration), bear out the efficacy of formalde-
hyde fixation in preserving the antigenicity
of H-1 capsid components in infected tissues.
However, low concentrations of glutaralde-
hyde (0.25%), despite the fact that anti-
genicity, as measured by HA-I and gel diffu-
sion, is retained, also abolish the reactivity
of the viral antigens with specific antisera in
H-1-infected H.E. monolayers. Glutaralde-
hyde consistently gives better preservation of
the plasma membranes and cytoplasm when
compared to formaldehyde. It is possible,
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therefore, that the superior preservation ot
the plasma membrane by glutaraldehyde pre-
vents entry of the immunoconjugate into the
cell. We plan to examine the application of
labeled antibody to ultrathin sections of H-1-
infected cells to avoid permeability barriers.
We will evaluate further the suitability of
formaldehyde and glutaraldehyde as fixatives
for immunoelectron microscopy of this
system.

Summary. Treatment of the Parvovirus,
H-1, with the fixatives formaldehyde and
glutaraldehyde have shown that:

1. Formaldehyde, even at 4% (1.33 M),
had no effect on the red cell or anti-
body-binding sites of the virus. The
infectivity of such samples, however,
was abolished, indicating either a direct
interaction with the DNA and/or that
uncoating of the treated virions is im-
paired.

2. Glutaraldehyde at 0.25 and 0.5%
(0.025 and 0.05 M) did not damage
the HA or antigenicity, but further
increases in bound glutaraldehyde
lowered the HA and simultaneously,
as determined by immunogel diffusion
and SDS-electrophoresis, the ability
of the virions to bind anti-H-1 globulin.
Glutaraldehyde was as effective as
formaldehyde in destroying H-1 in-
fectivity.

3. The loss of HA activity of treated H-1
is dependent upon the temperature of
the reaction.

4. Formaldehyde, by virtue of its lack of
effect on H-1 HA activity and anti-
genicity at concentrations permitting
reasonable preservation of morphology
may be the fixative of choice for im-
munoelectron microscopy of H-1-in-
fected cells.

The authors thank Drs. K. A. O. Ellem and
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Suzanne Hopkins, George Edick, and John Reed
for their excellent technical assistance.
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