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ABSTRACT
INTERACTION OF NONNEUTRALIZED AND NEUTRALIZED AVIAN

INFECTIOUS BRONCHITIS VIRUS WITH THE
CHICKEN EMBRYO KIDNEY CELL

By

Mark F. Stinski

The rate of entry of avian infectious bronchitis virus
(IBV) without and with antibody into chicken embryo kidney
cells (CEKC) was determined. The virus absorbs to CEKC at
4° but it does not enter the cell. When the temperature was
raised to 25 or 370, entry of virus without and with anti-
body was linear. The kinetics of entry of virus without
antibody was faster than for virus with antibody. Therefore,
antibody affected either the rate or the mechanism of entry.
Antibody had no effect on viral elution from the cell.

Entry of virus without antibody was measured at various
intervals of time by neutralizing the extracellular virus.
Because the intracellular virus could not be neutralized, it
was infectious and therefore could be enumerated by the
plagque method. Entry of virus with antibody was measured by
determining the amount of extracellular-neutralized virus at
various intervals of time. This was done by the use of a

buffer at pH 2.0 which dissociated the antibody from the virus



Mark F. Stinski

with accompanying reactivation of viral infectivity and thus,
this reaction could also be enumerated by the plaque method.
Acid treatment did not injure the cell, dissociate virus

from the cell, or interfere with the replication of the virus.
Intercellular neutralized virus was not affected by the acid
and consequently was not reactivated.

To further study the effect of antibody on the virus-
cell interaction, IBV was labeled with 32p. There was an
identical relationship between adsorption of infectious virus
and radioactivity of virus purified by centrifugation and
chromatography.

Analysis of the extracellular fluid and the cells for
degraded viral material indicated that virus without antibody
was degraded at the same rate as virus with antibody. After
2 hrs at 37° in cells with nonneutralized virus, 12% of the
radioactivity was acid-insoluble, RNase sensitive material.
However, little or none of this material was detected in cells
with neutralized virus. Since antibody reacted with the
viral projections and not with the envelope, it is hypothe-
sized that attachment of antibody to these projections influ-
ences degradation of the virion and viral replication is

prevented.
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LITERATURE REVIEW

Avian infectious bronchitis virus

Avian infectious bronchitis virus (IBV) has a ribo-
nucleic acid core (2,42). The capsid is surrounded by a
lipoprotein envelope that has pear-shaped projections
(peplomers) 200 a° long (4,6,47). Avian infectious bronchi-
tis virus is pleomorphic and from 800 to 1000 A° in diameter.
Although IBV is similar to the myxovirus group in nucleic
acid type, ether lability, and size (41), it differs from
myxo- and paramyxoviruses in that the nucleoid is not dis-
tinct, the shell is poorly defined, and budding does not
occur at the cell membrane (41,48).

Embryonating chicken eggs (12) and cell culture (10,11,
18,34) are used to propagate the virus. According to Lukert
(34) , adsorption of IBV to cells is an inefficient process
since large amounts of virus remain unadsorbed. Chicken
embryo kidney cells are more efficient than a number of other
cells (34). The amount of absorption on chicken embryo
kidney cells is similar at 4° and "ambient" temperature.
However, at 370 adsorption is 3 to 5 times more efficient

(34) .



Replication is intracytoplasmic (5,41,48) and the virus
buds into cisternae or vesicles, with an incorporation of
host cell material as its outer coat (41,48). Berry and
Almeida (6) proposed that the viral envelope component is
closely related to chick embryo fibroblast membrane since
antibody from homotypic antiserum reacted with the projec-
tions but not the envelope. 1In contrast, antibody from hetero-
typic antiserum reacted with both the projections and the
envelope. Heterotypic antiserum prepared against only chick

embryo fibroblasts membrane reacted with the viral envelope

(e) .

Interaction of neutralized virus with the host cell

Antibody neutralized virus adsorbs to susceptible cells
without inducing viral replication (19,30,35,36,54) . Factors
that influence the adsorption of neutralized virus, such as
poliovirus, are the molecular species of antibody, period of
incubation, and the concentration of antibody (37). More
virus adsorbs to cells when neutralized with IgG antibody
than with IgM antibody. Adsorption is increased by long
incubation periods and low concentrations of antibody (37).

Interpretations on the nature of the interaction between
neutralized virus and the host cell are that antibody
initiates viral elution from the cell (53), antibody blocks
viral entry (35) neutralized virus is pinocytized by the host

cell (16,53), antibody inhibits uncoating (30), antibody



inhibits the transfer of virus from intracytoplasmic vesicles
(16) , or antibody influences viral nucleic acid degradation
(38) .

Silverstein and Marcus (53) have reported that the
majority of neutralized Newcastle disease virus elutes from
HeLa cells. In constrast, neutralization of poliovirus
suppresses elution from HeLa cells (37). Although pinocytosis
of neutralized virus can occur as determined by electron
microscopy, the majority of virions remain extracellular
(14,15,16,53) . It was concluded that antibody blocked pino-
cytosis but, degradation of neutralized virus immediately
after entry into the cell was considered an alternative
explanation.

Mandel (35) reported that if poliovirus were first
neutralized and then adsorbed to HeLa cells, entry into the
cell did not occur. However, if poliovirus were first ad-
sorbed to the cell and then neutralized entry occurred (35,
38) . Thus, entry of neutralized virus depends on whether
virus is neutralized before or after adsorption to the cell.

Poliovirus adsorbs to HelLa cells between O and 5° with-
out entry into the cell as determined by sensitivity to
neutralizing antibody. Once virus is within the cell, it is
not sensitive to neutralization and can not be recovered by
acid treatment of the cell. After 60 min. at 22 to 270,
poliovirus was within the cell, resistant to antibody, and

could not be recovered by acid treatment of the cell (35,39).



Infectious virus can be recovered after lysis of the cells
with sodium dodecyl sulfate. Entry and uncoating of the
virus is so rapid at 37° that infectious virus can not be
recovered by lysis of the cell (39).

Poliovirus first adsorbed to cells at 20, and then
neutralized, can be dissociated from the cell by acid treat-
ment with subsequent dissociation of antibody from virus.
After 60 min. there was no decrease in the amount of infec-
tious virus recovered at 20, but there was a decrease at
37° (35,38) . No intermediate temperatures were studied and
no attempts were made to recover intracellular neutralized
virus. Mandel (35,38) concluded that neutralized poliovirus
enters the cell at 37° but not at 2°. 1In contrast, no entry
occurs if poliovirus was neutralized before adsorption (35).

Several reports indicate that antibody may attach to
nonspecific areas on the virus and consequently not neutralize
the virus (3,29,51,57). However, anti-y globulin antibody
can react with the antibody attached to the virus and may
neutralize the virus (3,29). Neutralization was reported to
be the result of an increase in virus-antibody complex size
(31) . The large complexes were either blocked from adsorption
or entry into the cell (31).

Although neutralized poliovirus is reactivated by papain
or exposure to pH 4.0, antibody remains associated with the
virus as determined by neutralization with anti-y globulin

serum (31). From these results, Keller (31) suggested that



neutralized virus is reactivated by modifying the configura-
tional state of the antibody. Consequently, reactivated
virus is infective even though antibody is still associated

with the wvirus.

Events during and after virus entry

It has been generally assumed that ether-labile viruses
such as vaccinia (1,13,14,49), Newcastle disease (46,53),
parainfluenza SV5 (8), influenza (15), and herpes simplex
(17,24,52) were pinocytized by the host cell as intact
virions. Uncoating of ether-stable enteroviruses was reported
to occur extracellularly at the cell membrane (9,22,23).
Recent evidence refutes these hypotheses and indicates quite
conclusively that entry of ether-labile viruses such as herpes
simplex (43), influenza (44), and Sendai (45), begins with
extracellular digestion of the viral coat and the host cell
cytoplasmic membrane at the point of contact with subsequent
entry of the viral nucleoprotein into the cytoplasm. Radio-
chemical (27,28) and electron microscopic studies (43,44,45)
substantiate this conclusion.

Although the viral capsid of poliovirus is modified by
contact with the host cell receptor, the ether-stable virus
is pinocytized in toto into pinocytic vesicles from which the
nucleoprotein or nucleic acid enters the cytoplasm (39).
However, this process may accompany an uncoating at the

membrane of the vesicle. According to Mandel (39), pinocytosis



of ether-stable poliovirus occurs at 21 to 37° but uncoat-
ing occurs only at 32 to 37°.

Electron microscopy of influenza virus indicated that
antibody added after viral adsorption did not interfer with
attachment but did prevent digestion of the viral envelope
(44) . Intact virus-antibody complexes were within phagocytic
vesicles and thus, antibody did not prevent pinocytosis.
Rabbitpox-antibody complexes enter cells and degradation
occurs within cytoplasmic vesicles but the viral cores are
not degraded (30). 1In contrast, vaccinia viral cores are
degraded (16) . Degradation of neutralized vaccinia virus
was further substantiated by labeling the viral DNA with
S3H-thymidine and determining the grain count by autoradiog-
raphy. After 4 hrs at 370, the decrease in grain count with
nonneutralized and neutralized virus was 2% and 36%,
respectively (16) . Intracellular viral degradation of
Newcastle disease virus occurs only when the virus is
neutralized (53). Dales and Kajioka (16) suggested that
digestion of neutralized virus within cytoplasmic vesicles
results from the action of a group of lysosome hydrolases.

After 120 min. at 370, 10 to 15% of intact viral RNA
was in HeLa cells with nonneutralized poliovirus whereas
little or none was present if virus was neutralized (38).
Even though there was the same amount of degraded RNA with
nonneutralized or neutralized virus, Mandel (38) proposed

that antibody influences polio viral RNA degradation because



intact RNA was not detected with neutralized virus. However,
more nonneutralized virus was uncoated than neutralized

virus.



INTERACTION OF NONNEUTRALIZED AND NEUTRALIZED AVIAN
INFECTIOUS BRONCHITIS VIRUS WITH THE CHICKEN
EMBRYO KIDNEY CELL

I. Entry into the Cell

INTRODUCTION

The role of neutralizing antibody in blocking viral
infection depends on whether virus is neutralized before or
after adsorption to the cell. 1In the former, it is generally
accepted that antibody interferes with viral adsorption and
entry into the cell. Adsorption may occur but the majority
of neutralized viruses usually do not enter the cells (30,35,
43,50) . However, even though a larger number of vaccinia-
antibody complexes remained at the cell surface, some virus-
antibody complexes were also engulfed by the host cells (16).
In contrast, if antibody is added after poliovirus adsorption,
it does not prevent the virus from entering cells at 37°
(35,38) . When heterotypic antibody is added after influenza
viral adsorption, it blocks digestion of the viral envelope
at the cytoplasmic membrane. Nevertheless, the virus-antibody
complexes are pinocytized in toto by the host cell (44).
However, the addition of antibody to Newcastle disease virus

releases the virus from the cell (53).



The present report describes the entry of nonneutralized
and neutralized avian infectious bronchitis virus (IBV) into
chicken embryo kidney cells. The effect of temperature and
antibody on the interaction of virus with the host cell was
investigated. The second paper will describe studies with
32p_labeled IBV and the effect of neutralizing antibody on

the intracellular interaction of virus with the host cell.



METHODS

Virus. The 113th passage of the Beaudette strain of
avian infectious bronchitis virus (IBV-42) was used because
the plaque assay method with this strain was accurate and
reproducible (11) . Aggregates of virus were removed with a
200 mp. filter (56).

Avian infectious bronchitis virus-42 is not inactivated
at 37° for 120 min. in phosphate buffered saline (PBS) con-
taining 3% new born calf serum (3% nbcs). The virus is
stabilized to thermal inactivation by anions (26) and is pH
stable (54).

IgG neutralizing antibody. To study the interaction

of neutralized IBV with the chicken embryo kidney cell (CEKC),
a biologically homotypic antiserum with a high concentration
of 7 S (IgG) neutralizing antibody was prepared. An anti-
serum relatively free of 19 S (IgM) antibody was necessary
since IgM antibody would cause more steric hinderance. Eight-
month-old Single Comb White Leghorn cockerels were inoculated
intranasally with 0.2 ml., 1.6 X 10°® embryo infective dosessg
(EIDso) , of the Massachusetts strain of avian infectious
bronchitis virus (IBV-41). Six weeks later the chickens were

reinoculated with 0.1 ml., 0.8 X 10® (EIDg,), of virus.

10
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Three weeks after the second inoculation, the chickens were
fasted for 24 hrs and then exsanguinated. The sera were
pooled and incubated in a water bath at 56° for 30 min. and
then stored at --20o until tested for IgM and IgG neutralizing
antibody. Separation of IgM and IgG antibodies was by
centrifugation through a linear sucrose gradient (10 to 37%
sucrose in 0.15 M-NaCl) in the SW39L Spinco rotor. Prior

to centrifugation, 0.1 ml. of whole serum, diluted 2-fold in
0.85% NaCl solution, was layered on the gradient. Human
hemoglobin (4.2 S) was used as a sedimentation marker.
Centrifugation was at 100,000g for 16 hrs. By means of a
polystylic pump attached to a needle in the bottom of the
tube, the entire gradient was slowly moved upward through a
1/8 inch hole in the center of a tightly fitted lucite block.
Teflon tubing, 1/8 inch, was attached to the top of the
lucite block with chromatronix cheminert fittings. The
location of neutralizing antibody in the gradient fractions
was determined by the plaque reduction method (10) and the
location of human hemoglobin by absorbance at 412 my.
Sedimentation coefficients were estimated by the method of
Martin and Ames (40).

Cell culture. Primary chicken embryo kidney cell (CEKC)

cultures were prepared from 17- to 18-day-old embryos (11)
and were grown in 60 mm. Falcon plastic Petri dishes using
medium 199 supplemented with BME vitamins, BME amino acids,

5% newborn calf serum, and with 100 units of penicillin,
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100 pg. of streptomycin, and 50 units of mycostatin/ml.

Four Petri dish cell cultures were inoculated with 0.5
ml. of viral inoculum for each sample tested. For virus
titration, adsorption was at 37° for 90 min. unless indi-
cated otherwise. After adsorption, the inoculum was decanted
and 4 ml. of supplemented medium 199 containing 0.9% Noble
agar was added to each cell culture. The cells were incubated
at 37° in 85% relative humidity and 8% CO, for 3 to 4 days
and then 0.1% neutral red stain was added. After 30 min. at
37° and 1 hr at 40, the plaques were counted and recorded as
plaque forming units (p.f.u.) per milliliter of inoculum.

Standard incubation procedure for viral adsorption and

neutralization. After adsorption of virus for 30 min. at 4°

the CEKC were washed with ice-cold phosphate buffered saline
(PBS) containing 3% new born calf serum (3% nbcs), pH 7.3,

to remove unadsorbed virus. Anti-IBV chicken serum at a
concentration that would neutralize approximately 90% of the
adsorbed virus was added. After 30 min. at 4°, the cells
were washed with ice-cold PBS (3% nbcs), pH 7.3, to remove
unreacted and unadsorbed antibody. This stage of the procedure
was considered as time zero for the various experiments. The
cells were then incubated at 37 or 25° and 4° was the control.
Adsorption and neutralization was at 4° because viruses do
not enter cells at this temperature (18,56). The above incu-
bations for vigal adsorption and neutralization at 4° and for

the interaction of nonneutralized and neutralized virus at



13

37, 25, and 40 are referred to as the standard incubation

procedure.

Reactivation of neutralized virus. After the standard

incubation procedure, neutralized virus was reactivated at
15 min. intervals by washing the cells for 10 sec. with
glycine-HCl buffer (0.1 N), pH 2.0, followed immediately by
two washings with PBS (3% nbcs), pH 7.3. As a control, non-
neutralized virus was treated similarly. A neutralized
virus control was washed 3 times with only PBS (3% nbcs),

pH 7.3. All buffers were ice-cold.

Horse anti-chicken globulin serum. Horse anti-chicken

globulin serum was purchased from the Roboy Surgical Instru-

ment Co. Inc., Washington, D. C.



RESULTS

IgG neutralizing antibody

Anti-IBV chicken serum was devoid of IgM neutralizing
antibody but had a high concentration of IgG neutralizing
antibody as determined by centrifugation through a linear
sucrose gradient (Fig. 1). No IgM globulins were detected

by polyacrylamide gel electrophoresis.

Virus entry

After viral adsorption at 40, groups of CEKC were
washed with PBS and incubated at 4° (control) and at either
25 or 37°. At various intervals of time, the extracellular
virus was neutralized by adding anti-IBV chicken serum and
incubating at 4° for 30 min. After neutralization, the cells
were washed with PBS and overlayed with agar medium.

Viral entry proceeded linearly at 37 and 25° but the
virus remained extracellular at 4° and therefore was sensi-
tive to antibody. After 45 min. at 370, entry was complete
and subsequently antibody had no effect. At 250, approxi-
mately 75% of the virus entered the cells in 120 min.

(Fig. 2).
The entry rate constants (k) calculated from the rela-

tionship 1n(V,/V, )t, where V, equals the input virus

14



Figure 1.

15

IgG neutralizing antibody in anti-IBV chicken
serum. Neutralizing antibody (@) and human
hemoglobin (0), 0.1 ml. respectivity, were

applied to a 10 to 37% preformed sucrose gradient.
After centrifugation at 100,000g for 16 hrs,

0.15 ml. samples were collected dropwise.
Neutralizing antibody and human hemoglobin

(4.2 S) were detected by plaque reduction and by

absorbance at 412 mu, respectively.
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Figure 2. Effect of temperature on the entry of IBV into
CEKC as measured by the inability of antibody

to neutralize intracellular virus.
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concentration and Vi equals extracellular virus at time t,

1 1

were 15.9 min.”™ and 4.5 min.”* at 37 and 250, respectively.
The same number of cells were used for each temperature.

An Arrhenius plot of these data demonstrated a linear rela-

tionship between the logarithm of the reaction rate constant
and the reciprocal of the absolute temperature of reaction.

The energy of activation was calculated to be approximately

19 k. cal./mole.

Interaction of neutralized IBV with the CEKC

After the standard incubation procedure, the amount of
neutralized virus that could be reactivated by acid treatment
decreased linearly at 37 and 25° but the decrease was greater
at 37° (Fig. 3A, B). After 120 min. there was no statistical-
ly significant (5% level of significance) reactivation at 370
but there was at 25°. In contrast, there was no decrease in
reactivation at 4° (Fig. 3C). The mean virus titer after
acid reactivation of neutralized virus decreased approximately
1 logzpo within 120 min. at 37° (Fig. 3A) . No neutralized
virus was detected in the extracellular fluid. These results
suggested that neutralized IBV merged with the cytoplasmic
membrane at 25 and 37° but not at 4°. Brief acid treatment
was without effect on the cells as determined by trypan blue.
Likewise, there was no effect on the nonneutralized virus
control. The virus was not inactivated by exposure to 37° or
ice-cold glycine-HCl buffer, pH 2.0 (Fig. 3A, B, C). No in-

crease in infectivity occurred when cells with neutralized
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virus were washéd 3 times with only PBS (3% nbcs), pH 7.3.
However, a slight decrease in infectivity occurred which
was probably due to further neutralization.

The per cent infectious virus recovered in the above
experiment at hr intervals, as determined from the data of
Figures 3 A, B, and C, are presented in Table 1.

The entry rate constants (k) for neutralized virﬁs,
calculated as previously described, were 0.12 min~% and 0.09
min~! at 37 and 250, respectively. Entry of virus with anti-
body was also temperature-dependent but there was approxi-
mately a 100-fold decrease in the rate of entry as compared
to virus without antibody. The energy of activation was
calculated to be approximately 4 k. cal./mole.

Adsorption of IBV to CEKC and the effect of
acid treatment on adsorbed virus

To determine the effect of acid treatment on IBV ad-
sorbed to the cell, CEKC were inoculated with 1.5 X 102
p.f.u./ml. and incubated at 37°. At various intervals of
time the cells were washed with PBS and then treated for 10
sec. with glycine-HC1l buffer, pH 2.0, followed immediately
by 2 washings with PBS (3% nbcs), pH 7.3. The controls were
washed 3 times with only PBS (3% nbcs), pH 7.3. Cells were
then overlayed with agar medium.

Attachment of IBV was so firm that brief acid treatment
failed to dislodge the virus. Viral adsorption was rapid

in that 50.41% of the viral inoculum adsorbed in S5 min.(Fig. 4).
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Figure 4. Adsorption of IBV to CEKC and the effect of
acid treatment on adsorbed virus. Cells were
inoculated with IBV and incubated at 37°. At
various intervals of time the cells were
washed for 10 sec. with either glycine-HCl
buffer (0.1 N), pH 2.0, (--0--) or PBS (3%
nbcs), pH 7.3, (—@—) followed immediately by

two washings with PBS (3% nbcs), pH 7.3.
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When the same experiment was done at 4°, less adsorption
occurred and approximately 6% of the virus dissociated from
the cell.

Reactivation of neutralized IBV and the inability

to reneutralize the virus with horse anti-chicken
globulin antibody

Neutralized virus that was reactivated by papain or
exposure to pH 4.0, still had antibody attached and subse-
quently, could be reneutralized with anti-y globulin anti-
body (31) .

To determine if chicken globulins were still associated
with IBV after exposure of neutralized virus to pH 2.0, CEKC
were inoculated with 1.2 X 102 p.f.u./ml. Viral adsorption,
neutralization, and acid reactivation were according to the
standard procedures. Cultures were then divided into 3 groups
to which was added PBS (3% nbcs), normal horse serum, and
horse anti-chicken globulin antibody, respectively. After
30 min. at 4°, the cultures were washed with PBS (3% nbcs),
pH 7.3, and overlayed with agar medium.

The addition of horse anti-chicken globulin antibody to
a mixture of virus and antiserum increases the amount of
neutralization. Approximately 42% of the neutralized virus
was reactivated by the acid treatment. Since the reactivated
virus could not be reneutralized by horse anti-chicken globu-
lin antibody, it was concluded that acid treatment at pH 2.0

dissociated antibody from the virus. Similar results were

obtained with the controls, PBS (3% nbcs) and normal horse

serum (Table 2).
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DISCUSSION

Although viruses in general, including IBV reported
in the present study, attach to cells at 40, they do not
enter the cells and remain vunerable to antibody (25,35,39,
44) . However, IBV and other viruses (20,39) which enter
cells at 25 to 37° are invulnerable to antibody.

It was possible to detect neutralized IBV at the cell
sur face by dissociating the antibody from the virus at pH
2.0 with accompanying reactivation of the virus. Acid
treatment of chicken embryo kidney cells (CEKC) did not
dissociate IBV from the cell, inactivate the viability of
the cell, or interfere with the subsequent replication of
IBV. The inability to detect chicken globulins attached to
the virus after exposure to pH 2.0 indicated that antibody
had dissociated from the virus. Even though neutralized
poliovirus was reactivated by papain or exposure to pH 4.0,
antibody was still associated with the virus (31).

Because reactivation of neutralized IBV decreased
linearly with time at 37 and 250, but not at 40, it was pro-
posed that neutralized IBV was either eluting from the cells
or merdging with the cytoplasmic membrane. However, it was

not possible to detect significant elution of neutralized

28
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virus. If neutralized virus merged with the cytoplasmic
membrane, it could not be reactivated because the antibody
would no longer be readily accessible to the acid. There-
fore, it is proposed that neutralized IBV enters cells at
25 and 37° as does nonneutralized IBV.

Alternative hypotheses for the decrease in reactivation
of neutralized virus are (i) a stable bond formed between
antibody and virus or (ii) a large number of antibodies
reacted with the virus and thus prevented complete reactiva-
tion by acid. These interpretations are not considered
adequate because the majority of IBV, neutralized in vitro
by high concentrations of antibody for a long incubation
period, could be reactivated at pH 2.0 (54).

Entry of neutralized poliovirus into HeLa cells is
reported to occur at 37° (35,38) . In these experiments, the
rate of entry into the cells at 37° occurred immediately
and was exponential for 30 min. followed by a decrease in
the rate of the reaction. 1In contrast, entry of neutralized
IBV at 37° also occurred immediately but the rate of the
reaction was slower and remained linear during the 120 min.
of the experiments.

Entry of nonneutralized envelope viruses such as herpes
simplex (43), influenza (44), and Sendai (45) involves a
digestion of the viral envelope and the host cell cytoplasmic
membrane at the point of contact. If heterotypic antibody

is added after viral adsorption, it blocks digestion.
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However, the virus-antibody complexes are pinocytized

in toto by the host cell (44). Since the entry rate constant
of nonneutralized IBV is at a greater magnitude than that

for neutralized IBV, it is possible that the mechanism of
entry is different for the two types of virions. Entry of
IBV without antibody is probably by digestion of the viral
envelope at the cytoplasmic membrane as is the case for

other enveloped viruses (43,44,45). However, IBV with anti-
body may be pinocytized in toto by the host cell.

Studies with a virus that does not possess an envelope,
poliovirus, have indicated that virus with antibody entered
cells at the same rate and to the same degree as virus with-
out antibody (38). 1In contrast, antibody effects the rate
of entry of a virus containing an envelope such as IBV.

With Newcastle disease virus, antibody prevents entry into
the cell by influencing viral elution (53).

Homotypic antibody reacts only with the viral projections
of IBV and does not react with the viral envelope (6).
Therefore, antibody attached to IBV projections either reduced
the rate of entry or influenced the mechanism of entry.
Several reports have indicated that antibody may also attach
to nonspecific areas of viruses and consequently, the virus
can enter the cell and replicate (3,29,51,57). This report
emphasizes that antibody effects the interaction of enveloped
viruses with the host cell and supports the inference that

viruses, neutralized after adsorption, will enter the host
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cell. To delineate these phenomena, the interaction of

neutralized IBV with the CEKC was studied by using 32p-

labeled virus as described in the following paper.



SUMMARY

The interaction of nonneutralized and neutralized avian
infectious bronchitis virus (IBV) with the chicken embryo
kidney cell (CEKC) was studied. Biologically homotypic
antiserum containing only 7 S (IgG) antibody was used for
neutralization. Entry of IBV into the cell, as measured by
insensitivity of virus-cell complexes to antibody, occurred
at 37 and 25° but not at 4°. To study entry of neutralized
virus, IBV was adsorbed and neutralized at 4° and then the
cells were incubated at either 4 (control), 25, or 37°.
Extracellular neutralized IBV was detected by dissociating
antibody from the virus at pH 2.0 for 10 sec. which subse-
quently reactivated the virus. This treatment did not dis-
sociate the virus from the cell or injure the cell. Since it
was not possible to detect any significant elution of neutral-
ized virus, it was concluded that neutralized IBV merged
with the cytoplasmic membrane at 37 and 25° but the neutral-
ized‘virus remained extracellular at 4°. When the neutralized
virus merged with the cytoplasmic membrane it was not acces-
sible to the acid and consequently it could not be reactivated.

The kinetics of entry of virus without antibody was at a

faster rate than that for virus with antibody.
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INTERACTION OF NONNEUTRALIZED AND NEUTRALIZED AVIAN
INFECTIOUS BRONCHITIS VIRUS WITH
THE CHICKEN EMBRYO KIDNEY CELL

II. Viral Degradation

INTRODUCTION

After avian infectious bronchitis virus (IBV) adsorbed
to the chicken embryo kidney cells (CEKC) at 40, the sub-
sequent addition of antibody neutralized the virus. Never-
theless, the virus with attached antibody entered the cell
at 25 and 37° but did not replicate (55). Studies with
poliovirus indicated that virus with antibody also entered
cells at 37° (38). In contrast, viruses neutralized before
inoculation generally do not enter cells (30,35,43,50).

The effect of antibody on the interaction of virus with
the host cell is variable. Antibody may either stimulate
viral elution from the cell (30,53) or suppress elution (37,
38) . Intracellular virus with antibody attached is only
partially uncoated (30) and the viral nucleic acid is not
released (30,38) or is uncoated with release and subsequent
degredation of the viral nucleic acid (16,38).

The present paper describes the effect of antibody on
the interaction of 32p-labeled IBV with the CEKC and the

degradation of virus without and with antibody.
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METHODS

Plaque assay of avian infectious bronchitis virus (IBV)
in chicken embryo kidney cells (CEKC), standard procedures
for viral adsorption and neutralization at 40, and the
preparation of IgG neutralizing antibody were described in
the preceding paper (595).

32p_jabeling of IBV. Twenty-four hr old CEKC cultures

in supplemented medium 199 were washed with phosphate-free
Hanks' (PFH) solution at pH 7.0. Citrate, 0.001 M, was sub-
stituted for the phosphates in Hanks' balanced salt solution
and the pH was adjusted with 1.4% NaHCO3. To remove residue
phosphates, the cells were incubated at 37° for 24 hrs in
phosphate-free medium 199.* During this period the phosphate-
free medium was replaced twice.

The stock virus was dialyzed for 72 hrs against PFH and
then 2 X 107 p.f.u./ml. were added to the cells. After incu-
bation at 37° for 90 min., the inoculum was decanted.
Phosphate-free medium supplemented with 5% newborn calf serum
dialyzed for 72 hrs against PFH and with 32p as carrier free

orthophosphate, 0.02 mC./ml., was added to the cells.

*
Grand Island Biological Co., Grand Island, New York,
U.S.A.
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Infected cultures were incubated approximately 72 hrs
and then frozen and thawed 3 times in the medium. The mix-
ture of medium and cell lysate was collected and is referred
to as the "crude" virus preparation.

Purification of virus. The crude virus was centrifuged

at 10,0009 for 30 min. and then the supernatant fluid was
collected and centrifuged at 78,0009 for 2 hrs. After dis-
carding the supernatant fluid, the sediment was washed,
resuspended to original volume in 0.02 M phosphate buffer,

pH 7.2, and subjected to a second cycle of low and high speed
centrifugation. -Sediments were washed and suspended to 1/10
the original volume in 0.02 M-phosphate buffer, pH 7.2. Two
milliliters of virus were placed on a diethylaminoethyl

(DEAE) -cellulose column (1 X 10 cm.) and the column was washed
with 0.02 M-phosphate buffer until the radioactivity in the
effluent was at background count. Virus was eluted from the
column with 0.45 M-NaCl in 0.02 M-phosphate buffer, pH 7.2.
The eluate was collected in successive 2 ml. amounts, dialyzed
against PFH for 72 hrs, and tested for both infectivity
(p.f.u.) and radioactivity (counts/min.). Fractions with

1 X 10® p.f.u./ml. or greater were pooled and when necessary
concentrated by dialysis against polyethylene glycol until

the radioactivity was 1 X 10* counts/min./ml. or greater.
After concentration, the viral preparatibn was dialyzed
against phosphate buffered saline solution free of magnesium

and calcium, pH 7.5.
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Protein was determined by the Folin phenol test (33).
Density gradient centrifugation after DEAE-cellulose
chromatography was not necessary.

Radiochemical procedures. Radioactivity was measured

in a Mark I Nuclear Chicago liquid scintillation counter
using the solvent system described by Bray (7). To determine
the acid-soluble radioactivity, crystalline bovine albumin
and then trichloroacetic acid were added to the samples with
final concentrations of 0.2% and 10%, respectively. The
reaction mixtures were held at 4° for 2 hrs and then the
precipitates were sedimented by centrifugation at 2,200g

for 1 hr. A sample of the supernatant fluid, 0.5 ml., was
removed and the precipitate was resuspended in the remaining
supernatant fluid. The pH was adjusted to neutrality with

1 N-NaOH and radioactivity was measured. After determining
the amount of radioactivity in the supernatant fluid and

the precipitate, the per cent acid-soluble activity was
calculated.

Samples labeled with 22p were classified as whole virus
(acid-insoluble and RNase resistant), intact RNA (acid-
insoluble but RNase sensitive), or degraded viral material
(acid-soluble) . Equal volumes of sample and RNase, 20 ug./ml.
in Tris buffer (0.1 M), pH 7.5, or sample and Tris buffer
were mixed and incubated at 37° for 15 min. Acid-soluble
radioactivity before RNase treatment was considered to be

that of degraded viral material. After RNase treatment,
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radioactivity that was acid-insoluble was considered to be
that of whole virus and the increase in acid-soluble activ-

ity due to RNase was attributed to intact RNA.



RESULTS

Differential centrifugation and DEAE-

cellulose chromatography for purifi-
P-labeled IBV

cation of

Although 99% of the extraneous radioactivity was re-
moved by centrifugation, 63% of the original infectious
virus was recovered. The increase in specific activity,
p-f.u./counts/min., and specific infectivity, p.f.u./mg.
protein, indicated that nonviral material was being removed
by differential centrifugation (Table 1). After DEAE-
cellulose chromatography, there was a direct relationship
between the concentration of virus, p.f.u./ml., and the
amount of radioactivity, counts/min./ml. (Table 1). Even
though there were differences in the viral concentrations,
the specific activity in the respective fractions remained
essentially the same.

Washing the DEAE column thoroughly before elution of
the virus with 0.45 M-NaCl, removed some infectious virus
and a large amount of viral aggregates remained on the
column after elution. Consequently, the yield of infectious
virus was low. Only 0.6% of the original radioactivity was
recovered.

Protein in the respective fractions was not sufficient

for accurate determination.

38
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If a mixture of labeled non-infected CEKC medium, cell
lysate, and non-labeled virus were subjected to the same
purification procedure, there was little 32p radioactivity
associated with the virus.

Ethyl ether fractionization and sodium

dodecyl sulfate solubilization of °<p-
labeled IBV

Equal volumes of purified virus and ethyl ether were
mixed and incubated at 25° for 2 hrs in closed tubes that
were shaken vigorously every 30 min. The mixture was
centrifuged at 600g for 15 min. and the radioactivity of the
ether layer, ether-water interface, and water layer was
determined. Layers such as these with influenza virus have
been reported to contain lipid, lipoprotein, and nonlipid,
respectively (28). Radioactivity of the nonlipid was con-
sidered to be associated mainly with the viral RNA.

A small amount of the 32p was in the lipid fraction but
greater amounts were in the lipoprotein and nonlipid frac-
tions (Table 23).

To substantiate the amount of 32p associated with the
viral lipid and lipoprotein, purified virus was treated with
0.4% sodium dodecyl sulfate (SDS) at 25° for 15 min. The
control was virus in phosphate buffered saline without
magnesium or calcium.

Infectious virus was completely inactivated by 0.4%

SDS and approximately 50% of the 32p was soluble in trichloro-

acetic acid (Table 2B) . Approximately the same amount of 32p
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in the viral lipid and lipoprotein was detected by both

ethyl ether fractionization and treatment with SDS.

Adsorption of 32p-labeled IBV to CEKC

After incubating one group of cells at 4o and another
group at 370 for 30 min., the cells were inoculated with
2 X 10* p.f.u./ml. of 32p-labeled IBV. At certain time
intervals, the amount of unadsorbed virus at 4° and at 37°
was determined by infectivity and radioactivity (21,32,37).
Adsorption was exponential and approximately 20 and 30%
of the inoculum adsorbed in 5 min. at 4 and 370, respectively
(Fig. 1) . Lesser adsorption occurred at 4°. At the respec-
tive temperatures, the kinetics of adsorption when measured
by infectivity or radioactivity were identical (Fig. 1).
Effect of temperature on the distribution of
P in CEKC with nonneutralized and neutral-

ized P-labeled IBV

Using 1 X 10* p.f.u./ml. of ®2p-labeled IBV, viral
adsorption and neutralization were according to the standard
incubation procedure. Cells with nonneutralized and
neutralized 32p-labeled IBV were washed 3 times with phos-
phate buffered saline (PBS), pH 7.5, to remove unadsorbed
virus and then 1 ml. of PBS was added. Groups of CEKC cul-
tures were incubated at 4° (control) and at either 25 or
370. At 15 min. intervals, the extracellular fluid was re-
moved and the cells were suspended in 0.5 ml. of PBS. The

32p radioactivity associated with the cells and in the

extracellular fluid was determined.
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at 37° for 75 min., the 22p cell-associated activity
decreased linearly and simultaneously the activity in the
extracellular fluid increased (Fig. 2A). 1In contrast, the
32p cell-associated activity decreased slightly at 25° and
in the 40 control, there was no change in the 32p cell-
associated activity. At all temperatures, there was no
difference in the interaction of nonneutralized and neutral-
ized IBV with the host cell (Fig. 2A, B, C).

The extracellular fluids were tested for elution of

32p, and degraded viral material. At 370,

infectious virus,
approximately 1% of the adsorbed infectious virus eluted
from the cells with nonneutralized virus (Table 3). It is
possible that some of the adsorbed infectious virus was no
longer infectious after elution. The majority of the radio-
activity eluted was probably due to acid-insoluble virus and
viral lipoprotein components. Approximately, 4+ of the
activity was due to degraded viral material. At the 5% level
of significance there were no significant differences
(P > 0.10) between nonneutralized or neutralized IBV with
respect to the per cent 32p eluted or the per cent degraded
viral material in the extracellular fluid (Table 3). Antibody
did not enhance elution of virus. Viruses with antibody were
apparently degraded at the same rate as viruses without anti-
body .

at 25° for 120 min., the small amount of 32p activity

in the extracellular fluid was mainly acid-insoluble.



44

Figure 1. Adsorption of 32p-labeled IBV to CEKC. The

per cent unadsorbed virus at 4 ( ) and

————— ) was determined by ®2p (0,4) and

infectivity (@,A).
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Degradation of nonneutralized and neutral-
ized ““pP-labeled IBV in CEKC

Using 1 X 10* p.f.u./ml. of 32p-labeled IBV, viral
adsorption and neutralization were according to the standard
incubation procedure and the cells were washed as previously
described. The cells were incubated at either 4° (control)
or 37°. At certain time intervals, the extracellular fluid
was removed and the cells were washed with PBS, suspended in
0.5 ml. of double glass-distilled water, and lyzed by 4 cycles
of freezing and thawing. The cells were then analyzed for
acid-insoluble RNase resistant, acid-insoluble RNase sensi-
tive, and acid-soluble material as previously described.

Freezing and thawing did not damage the virus. There
was no increase in the 32p acid-soluble activity in the 4°
controls. However, approximately 3% of the activity was
solubilized by 37° for 15 min. and subsequently there was a
5-6% increase in RNase-sensitive material. Therefore, some
of the viral particles were probably damaged at 37°. Mo
cell-associated degraded viral material was detected at time
zero. The RNase-sensitive material at this time was prob-
ably due to externally adsorbed-virus damaged at 37° (Fig. 3).

At 370, the same amount of whole virus and degraded
viral material was associated with cells containing non-
neutralized or neutralized virus. Maximum intracellular
degradation of virus without and with antibody did not occur
until after 120 min. After 60 min. at 37°, the amount of

acid-insoluble, RNase sensitive material remained at






Figure 3.
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approximately 12% in cells with nonneutralized virus but
decreased to 1% in cells with neutralized virus (Fig. 3).
This difference in the amount of acid-insoluble RNase
sensitive material was most apparent at a time when the
majority of neutralized virus was intracellular.

at 2s5° only a small amount, 8%, of degraded viral
material was detected and there were no differences between

nonneutralized and neutralized virus.



DISCUSSION

Studies on the interaction of neutralized 32p-labeled
avian infectious bronchitis virus (IBV) with the chicken
embryo kidney cell (CEKC) established certain similarities
as well as dissimilarities with other viruses (16,30,37,38,
53) . Antibody had no effect on elution of IBV from CEKC.

In contrast, antibody initiates elution of Newcastle disease
virus from HeLa cells (53). However, with poliovirus the
opposite occurs in that there is less elution of virus with
antibody than without antibody (37,38).

It was previously proposed (55) that neutralized IBV
enters CEKC by merging with the cytoplasmic membrane at 37
and 25°. The present results confirm that neutralized IBV
enters CEKC at 37° and is subsequently degraded. Similar
results have been reported with neutralized viruses of
rabbitpox (30), vaccinia (16), and polio (38). At 25° IBV
remains cell-associated and very little degradation occurs.
It is possible that at 25° additional time might be required
for degradation or the viral lipoprotein is actually removed
from the virus but remains associated with the cytoplasmic
membrane and is consequently acid-insoluble. At 25° polio-

virus is not uncoated (39).
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Even though it was established that IBV with antibody
enters at a slower rate than IBV without antibody (55),
there were no significant differences in the rate of
degradation at 37°. Approximately the same per cent extra-
cellular or intracellular degraded IBV material was detected.
However, there was a difference in the amount of RNase sensi-
tive material. 1In cells with neutralized virus, a decrease
in RNase sensitive material occurred and consequently, little
or none could be detected after 180 min. A decrease in the
amount of intact RNA from neutralized 32p-labeled poliovirus
occurs within 15 min. at 37o (38) . However, experiments with
3H-labeled vaccinia DNA indicated that the viral DNA from
neutralized virus is degraded within 1 to 2 hrs at 37° (16) .

Studies with 32p-labeled poliovirus (38) suggested that
antibody may either suppress a reaction necessary for the
release of intact viral RNA or stimulate a reaction which
rapidly degrades the released RNA. Of the two hypotheses,
the latter was considered to be a more favorable explanation
of the results. The results obtained with neutralized IBV
confirm that degradation occurs but further studies are
necessary to differentiate between the degradation of virus
without and with antibody.

It is possible that the nucleoprotein of nonneutralized
IBV escapes from the virus at the cytoplasmic membrane as
does that of viruses such as herpes simplex (43), influenza

(44), and Sendai (45). With antibody attached, IBV may be
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pinocytized by the host cell and completely degraded within
pinocytic vesicles by lysosomal enzymes. The RNase in
pinocytic vesicles could destroy the viral RNA and conse-
quently prevent replication. According to Morgan and Rose
(44) , heterotypic antibody prevented digestion of influenza
viral envelope at the cytoplasmic membrane but the virus-
antibody complexes appeared to enter the cell by pinocytosis.
However, the accumulation of degraded viral material in the
extracellular fluid suggested that homotypic antibody did
not prevent digestion of the IBV envelope. Neutralized
vaccinia virus was pinocytized and then degraded within cyto-
plasmic vesicles (16).

According to Berry and Almeida (6), biologically homo-
typic antibody reacts with the viral projections but not
with the envelope of IBV. 1In the present investigation homo-
typic antibody was also used. Neutralized IBV entered the
CEKC but no replication occurred. Therefore, it is hypo-
thesized that the attachment of antibody to the viral projec-
tions of IBV either inhibits the uncoating of the viral
nucleoprotein or influences the degradation of the viral

RNA. The latter hypothesis is more favorable.



SUMMARY

There was an identical relationship between adsorption
of infectious virus and radioactivity of 32p-labeled avian
infectious bronchitis virus (IBV) purified by centrifuga-
tion and chromatography. Antibody did not enhance or sup-
press elution of IBV from chicken embryo kidney cells (CEKC).
The distribution of 2P from nonneutralized and neutralized
labeled IBV in CEKC changed rapidly at 37° but not at 25 or
4°. at 370, virus without antibody was degraded at the same
rate as virus with antibody. Even though virus without and
with antibody entered cells at 250, there was very little
detectable degradation. After 1 hr at 370, the per cent
intracellular RNase sensitive material in cells with non-
neutralized virus remained essentially the same but a decrease
occurred in cells with neutralized virus. These data support
the inference that neutralized virus is degraded intracellu-
larly and suggest that the degradation of the virus is
influenced by the attachment of antibody to the viral projec-

tions and consequently viral replication is prevented.
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