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The hemagglutinating properties of influenza virus envelope protein, prepared
by reassociation of polypeptide subunits, have been defined and compared with
those of virus and ether-split hemagglutinin. In general, the characteristics of the
intact and ether-split virus were found to be similar, whereas those of the envelope
protein were distinctly different. The use of chicken, pigeon, and guinea pig erythro-
cytes both at 23 and 4 C disclosed that the hemagglutinating titers of envelope
protein preparations were particularly dependent on the system employed. Under
optimal conditions, with guinea pig cells at 4C, the titers of envelope protein
preparations were equivalent to those of the original virus concentrates. The hemag-
glutinating activity of envelope protein was particularly sensitive to elevated tem-
perature, concentrated urea, sulfhydryl-reducing reagents, and tryptic digestion
at high salt concentrations. In all these respects, the intact virus was more resistant
than the envelope protein. Interpretation of the data indicates that the hemag-
glutinin is stabilized when associated with the lipid micelle at the surface of the virus.

The influenza virus particle consists of an inner
core of ribonucleoprotein surrounded by a lipid-
rich envelope with projecting spikes. Two func-
tionally and physically distinct proteins have
thus far been demonstrated to be associated with
the viral envelope. The enzyme, neuraminidase,
has been separated from the envelope by the
action of proteolytic enzymes (9, 10). A second
protein, referred to as envelope protein, was
isolated by extraction with protein dissociating
reagents (5, 6). Its functions include responsi-
bility for hemagglutinating activity, contributing
to the strain-specific antigenicity of the virus,
and acting as a structural component of the viral
envelope, particularly if not solely in the organiza-
tion of the surface spikes.

Derivatives of envelope protein have been
isolated by extraction of denatured viral protein
with either of two dissociating reagents: acetic
acid or concentrated urea with dithiothreitol.
Both methods reduce the protein to 2S poly-
peptide subunits, but these differ in their manner
of reassociation. The serological and physical
evidence, as of now, suggests that the same anti-
genic envelope protein is involved, but that the
reassociated derivatives exist in two different
physical forms. In both cases, the serological
properties are similar to those of the surface
antigens of the intact virus, but the smaller uni-
form product resulting from urea-dithiothreitol
extraction neither adsorbed to nor agglutinated

erythrocytes (6). In contrast, the subunits ob-
tained by the acetic acid procedure reassociated
to a greater extent, the resulting larger protein
macromolecules being variable in size as deter-
mined by sedimentation and capable of aggluti-
nating erythrocytes (5).

This investigation is a continuation of the
study of the properties of the envelope protein
of influenza virus strain PR8, with particular
emphasis on the hemagglutinating macromole-
cules obtained by acetic acid extraction. By
comparing the activity of envelope protein in its
isolated reassociated state with that in its native
state as part of the envelope of intact virus,
aspects of the role of structural organization on
hemagglutinating activity can be evaluated. In
certain cases, comparison is also made with
ether-split virus (7), in which state some of the
viral lipid is presumed to be extracted and activity
is associated with fragments resembling mor-
phologically the viral envelope.

MATERIALS AND METHODS

Virus. Influenza virus strain PR8 concentrates
were prepared from fluids of infected embryonated
eggs by adsorption-elution first with chicken red cells,
then with BaSO4 (4), followed by two cycles of low
and high speed centrifugation (6300 X g for 10 min
and 26,340 X g for 1 hr). The virus was suspended in
0.15 M NaCl to give concentrates containing an
average of 200,000 hemagglutinating units per ml.

Envelope protein. The preparation, described fully
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in an earlier report (5), involved extraction of the
virus concentrate with methanol-chloroform, solu-
bilization of the denatured protein in 67% acetic
acid, and stepwise dialysis into buffered saline (BS;
0.02 M phosphate buffer, pH 7.4, and 0.15 M NaCI).

Ether-split hemagglutinini. One volume of virus
concentrate in BS was shaken vigorously at 4 C for
30 min with 2 volumes of ether. After centrifugation
at 2,000 rev/min for 10 min, the water phase was
collected and soluble ether was blown out with a
stream of nitrogen.

Hemagglutination (HA) tests. Standard procedures
with use of plastic trays were used. Reaction mixtures
contained 0.2 ml of the serial dilutions of hemaggluti-
nin, 0.2 ml of BS, and 0.4 ml of 0.5%O red blood cells.
Routine tests with chicken erythrocytes were per-
formed at room temperature, whereas those with
guinea pig cells were at 4 C.

Neurainiiiidase test. The procedure of Warren (11)
was followed with n-acetyl neuraminylactose as sub-
strate. Neuraminidase activities are expressed in
terms of changes in optical density.

Rate zortal centrifugation. Preformed 5 to 20%
sucrose gradients in 0.02 M tris(hydroxymethyl)-
aminomethane (Tris) chloride (pH 8) and 0.15 M
NaCl were overlaid with 0.5-ml samples. After
centrifugation in an SW-39 head (Spinco), 10 frac-
tions of 0.4 ml were removed from a pinhole in the
bottom of the tube.

En2zyme treatments. Preparations of envelope pro-
tein were incubated with enzyme for 30 min at 37 C,
then diluted 1: 3 with chilled buffered saline and
tested for HA. The final concentrations of the reac-
tion mixtures were: (i) crystalline trypsin, 2 mg per
ml of 0.05 M phosphate buffer (PB), pH 7.5, and
0.05 M Tris chloride, pH 8; (ii) pronase, 2 mg per
ml of 0.05 M PB, pH 7.5; (iii) chymotrypsin, 2 mg
per ml of 0.05 M PB, pH 6.3; (iv) papain, 10 mg per
ml of BS and 0.01 M cysteine; and (v) ribonuclease,
2 mg per ml of BS.

RESULTS

Influence of conditions ofHA test. As described
in a previous paper (5), the HA titers of envelope
protein preparations were measured by use of
chicken cells at room temperature. Despite the
recovery of essentially all complement-fixing
activity when compared with the original virus
concentrates, recovery in terms of HA titers was
low. This discrepancy suggested that either a
large part of the envelope protein was in a non-
hemagglutinating form or that the hemagglutinat-
ing properties of isolated protein and intact
virus were different. The latter possibility sug-
gested that changes in the conditions of the HA
test result in altered ratios of the activi.ies of
protein and virus.
To examine this question, the HA titers of

envelope protein preparations were measured
with chicken, guinea pig, and pigeon red blood
cells at room temperature and at 4 C. Titers

TABLE 1. Comparisont of the hemagglutinatintg
titers ofPR8 influeniza virues, ether-split virus,
and envelope proteint with chickeni, pigeont,
antd gui/zea pig erythrocytes measlured at

room temperature (23 C) and 4 C

HA titersa

Erythrocyte Temp-(C) Virus Ether-split Envelope

concentrate virus protein

Chicken 23 2"1 210 24
Pigeon 23 2"1 27 <21
Guinea Pig 23 212 212 26
Chicken 4 212 21" 26
Pigeon 4 212 27 25
Guinea Pig 4 212 212 212

a All samples were derived from the same virus
pool.

were compared with those of the original PR8
virus concentrate and its ether-split viral hemag-
glutinin derivative. Marked differences in the
HA titers were disclosed for the three hemag-
glutinating substances (Table 1). The activity
of the virus concentrate was least dependent on
the type of erythrocyte or temperature. The
ether-split viral hemagglutinin reacted to highest
titer with guinea pig cells and lowest with pigeon
cells. However, most striking was the wide varia-
tion in the characteristics of the envelope protein
preparation. In this case, titers were increased
greatly both by use of guinea pig cells and also
by the lower temperature.

It is significant that the titer of the isolated
envelope protein approximated that of the origi-
nal virus concentrate when both were measured
with guinea pig cells at 4 C. This indicates that
there is essentially complete recovery of HA in
the protein extract, agreeing with the results
found for complement-fixing antigen, but that
the nature of the binding to red cells is different
for protein and virus as disclosed by the influence
of species of red blood cell and temperature.
The results with erythrocytes of different

species suggest that the size of the hemagglutinat-
ing particle, that is, virus as compared to the
much smaller particulate protein, plays a deter-
mining role in HA. Further evidence was sought
in a study of the hemagglutinating activity of
different fractions obtained by physical separation
from envelope protein preparations. As demon-
strated in an earlier report (5), the repolymerized
hemagglutinating protein consisted of a popula-
tion of particles of varying dimensions resulting
in a broad sedimentation profile. To determine
whether fractions of this population reacted
equally well with chicken and guinea pig cells,
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FIG. 1. Rate zonal centrifugation of envelope pro-
tein in a sucrose gradient at 25,000 rev/min for 30 miin,
fraction I representing the bottom of the tube. Titers
were measured with chicken (0) and guinea pig (0)
erythrocytes. The samples measured with the latter
cells were diluted an additional 40-fold in the HA test.

an envelope protein preparation was centrifuged
in a sucrose gradient at 25,000 rev/mmn for 30
min. Ten fractions were collected and compared
for HA titers with both kinds of erythrocytes,
the samples being diluted an additional 40-fold
for the measurements with guinea pig cells. The
HA titers with guinea pig cells were consistently
higher (Fig. 1), ranging from 80 to 10,240 times
greater. Even more striking was the marked
difference in the shapes of the sedimentation
profiles as determined by the type of erythrocyte
used. The hemagglutinin sedimenting more
rapidly reacted better with chicken cells, whereas
the slower sedimenting protein had dispropor-
tionately higher titers with guinea pig cells. The
peak with guinea pig cells, in fraction 9, was not
found in the profile measured with chicken cells.
It should be noted that this particular envelope
protein preparation had an unusually high peak
of activity in the slower sedimenting fractions.
The conclusion can be drawn that, not only did
the envelope protein react to a higher titer when
guinea pig cells were used, but that within the
protein population the titer with guinea pig cells
increased relative to that with chicken cells as
the size of the polymer decreased.

Adsorption-elution and neuraminidase activity.
A second aspect of the reaction of envelope
protein with erythrocytes concerns its ability
to absorb to and elute from the red cell surface.
A comparison was made of the adsorption-elution
of a virus concentrate and the derived envelope

TABLE 2. Adsorption and elution of PR8 virus
and the derived envelope protein by use of
graded amounts of chicken erythrocytes

Packed
chicken cells

(ml)

0.1
0.05
0.025
0.012
0.006
0.003

None

HA titers

Adsorbed Eluate

Virus Envelope Virus Envelope
concentrate protein concentrate protein

<21
<21
<21

22
23
26

2"0

<21
21

<21
22
22
24

23
25
26
28
28
29

29
2'8
28
29
29
29

protein preparation with graded amounts of
chicken erythrocytes. Amounts of 1-ml of the
preparations, both diluted 1:100 to give HA
titers in the same general range, were added to
packed cells and the mixtures were held in an
ice bath for 1 hr. The cells were centrifuged in
the cold and washed once with cold BS. Elution
was carried out into 1 ml of BS at 37 C. Both
adsorbed and eluted samples were tested for HA
titers with guinea pig cells at 4 C.
When a sufficient volume of red cells was used

(Table 2), complete reduction of the HA titer
of the envelope protein preparations was accom-
plished by adsorption, despite the fact that the
protein had a low HA titer with chicken cells.
Comparison of the adsorption of intact virus
and protein disclosed that the binding capacity
of cells for both was very similar, since in each
case 0.025 ml or more of packed cells removed
essentially all hemagglutinin and below this
level the degree of adsorption appeared similar.
Elution of the envelope protein appeared to be
complete, but, in contrast, at higher cell con-
centrations elution of intact virus was signifi-
cantly less. The results suggest that, at elevated
temperatures, the binding of envelope protein
to the cell surface is less firm than that of the
virus, a relationship in accord with the marked
increase in the HA titers of envelope protein
when measured at 4 instead of at 23 C.
The demonstration of the elution of envelope

protein from erythrocytes raised the question of
the presence of the viral-associated neuraminidase
which inactivates red cell receptors. On the basis
of evidence that HA and neuraminidase activity
are readily dissociated (9), it would be expected
that viral neuraminidase might not be incorpo-
rated into the reassociated hemagglutinating
envelope protein. The possibility did persist,
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TABLE 3. Netiramin7idase activities of etnvelope
proteint acnd originial virus conzcenitrate

Virus concentrate Envelope protein

Amt (ml) ODa Amt (ml) ODa

0.002 0 .33 0.01 0.04
0.003 0.42 0.05 0.04
0.004 0.56 0.10 0.04
0.005 0.63
0.01 >1.0

a Activities were measured in terms of changes
in optical density (OD).

however, that neuraminidase was carried over
during the isolation procedure as a separate
entity.
Two envelope protein preparations were com-

pared with the original viral stock for neuramini-
dase activity. Although all three samples had
equal HA titers of 160,000 per ml when tested
with guinea pig cells, the envelope protein prepa-
rations gave no detectable neuraminidase activity
(Table 3). Calculated on the basis of the sensi-
tivity of the test, residual neuraminidase activity
of the envelope protein was considerably less
than 2% of that of the virus concentrate. The
possibility that neuraminidase protein is present,
although in an inactive state cannot be excluded,
but the evidence obtained with the analytical
ultracentrifuge of single peaks both with 2S and
4S preparations indicated that only one major
protein was present in envelope protein prepara-
tions (6).

Inactivation of HA. Although the patterns of
interaction with the surface of red blood cells
disclosed some differences between the isolated
protein and the intact and ether-split virus,
further information was sought in a study of their
stability in the course of various treatments
known to alter the conformation of proteins or
to reduce proteins to smaller entities. These
treatmen.s include thermal inactivation, enzy-
matic splitting of linkages, breaking with con-
centrated urea of the noncovalent bonds con-
tributing to the association of polypepLides, and
reduction of disulfide bonds by dithiothreitol
(DTT).
To test the effect of elevated temperature,

1:200 dilutions of a virus concentrate and its
derived envelope protein and ether-split hemag-
glutinin were held in a 56 C water bath. At inter-
vals, samples were removed and stored in an ice
bath. HA titers were measured by use of guinea
pig cells at 4 C. Whereas neither intact virus nor
ether-split hemagglutinin showed any significant
loss of activity over a period of 1 hr, there was a

TABLE 4. Thermal iniactivationi studies of the HA
of iniflueniza virus straint PR8, ether-,split
hemagglutinin, enlvelope protein at 56 C

HA titera
Time (min)

Virus Ether-split virus Envelope protein

7 7

5 28 27 22
10 28 27 21
20 28 27 21
30 29 2I7 2'
60 28 27 <21

a Titers were measured with guinea pig cells at
4 C. All three forms of hemagglutinin were derived
from the same virus concentrate.

rapid drop in the HA titer of the envelope protein
preparation from 26 to 21 in 10 min (Table 4).

Enzymatic digestion. A preparation of envelope
protein was treated with a variety of enzymes for
30 min at 37 C as described under Materials and
Methods. Whereas the control preparation had
an HA titer of 27, trypsin, pronase, chymotrypsin,
and papain all reduced the value to less than 21.
In contrast, ribonuclease had no significant effect.
The results confirm the protein nature of the viral
hemagglutinin.

It has been demonstrated (2) that, in the
presence of high concentrations of PB or NaCl,
the HA of intact influenza virus strain PR8 was
insensitive to the action of trypsin, whereas at
low ionic strengths it was susceptible. By com-
parison of the isolated envelope protein with
intact virus and ether-split hemagglutinin, it
might be possible to determine whether the in-
fluence of ionic strength on tryptic digestion is
mediated through a direct effect on the protein
or whether high salt concentration stabilizes a
structural organization in intact virus so that
trypsin-sensitive linkages are shielded. In the
following experiment, the influence of the ionic
medium on tryptic digestion was tested with
preparations of PR8 virus concentrate, ether-
split hemagglutinin, and envelope protein. The
results (Table 5) were markedly different de-
pending on the form of the hemagglutinin. Al-
though the isolated envelope protein was sensitive
to the enzyme under all conditions, the intact
and ether-split virus preparations lost their
activity only in media of low ionic strength. In a
separate experiment, 0.01 M MgCI2 was shown
to have an effect similar to that of 0.15 M NaCl.
Higher NaCl concentration or the addition of low
concentrations of divalent cations all protected
the HA of the virus from tryptic digestion, but
did not hinder enzymatic inactiva Lion of the
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TABLE 5. Influence of ionic environment on the
action of trypsin at 37 Cfor 30 min on the HA

titers of intact virus, ether-split
hemagglutinin, and envelope

protein

HA titera

0.01 m
0.01 M 0.1 m! phos-

Hemagglutinin 0.01 m phos- ph phate
Control Tris phate phate pbuferchloride buffer buffer (pH)(pH 8) (PH (PH 7.2)

7.2) 7.2) 0.

NaCl

Virus 27 <21 <21 26 27
Ether-split virus 28 <21 < 21 27 28
Envelope 26 <21 <21 <21 <2'

protein

a Measured with guinea pig cells at 4 C.

TABLE 6. Action ofDTT and urea on the HA of
intact influenza virus, ether-split virus, and

envelope protein

HA titer*

Hemagglutinin
Untreated DTT Urea 7 m

(0.5 mg/rnl)Ura78
Virus 28 27 27
Ether-split virus 26 26 25
Envelope protein 28 <21 21

a All forms of the hemagglutinin were derived
from the same virus concentrate. Treatment was
for 1 hr at room temperature, and HA titers were
measured with guinea pig cells.

isolated protein. Thus, in the case of the isolated
envelope protein, the sites susceptible to the
action of trypsin are exposed, whereas, in the
native form, they are not available.

Action of urea and sulfhydryl reducing agents
on virus and envelope protein. Concentrated urea
in the presence of a sulfhydryl reducing agent,
DTT, was demonstrated (6) to be an effective
reagent for the solubilizing of denatured viral
protein, yielding a nonhemagglutinating strain-
specific envelope antigen. In the following experi-
ment, urea and DTT were tested separately for
their action on the hemagglutinating activity of
intact virus, ether-split hemagglutinin, and iso-
lated envelope protein. Urea, 8 M, in 0.05 M Tris
chloride buffer (pH 8) was added to the sample
to give a final urea concentration of 7 M. After
1 hr at room temperature the samples were diluted
40-fold with BS, and the HA titers were measured.
The treatment with DTT was similar, the con-
centration of DTT being 0.5 mg/ml.

Neither concentrated urea nor DTT had a
marked effect on the HA titer with guinea pig
cells of the intact or ether-split virus (Table 6).
In contrast, the treatment with either urea or
DTT eliminated virtually all HA activity of the
envelope protein. Sanmples of the treated protein
taken at shorter time intervals demonstrated that
the action of DTT was more abrupt. At 10 min,
the DTT-treated sample had lost all HA, whereas
the titers of the urea-treated protein declined
gradually and residual activity was retained after
1 hr. The results indicate that, although the
envelope protein HA was sensitive to both the
dissociating action of concentrated urea and the
exposure to free sulfhydryl groups, the hemag-
glutinin of the intact and ether-split virus was in
a stabilized or protected form.

Viral derivative resulting from urea treatment
of influenza virus. Dorman (3) demonstrated that
short exposure of an A2 strain of influenza virus
to concentrated urea resulted in a drop in the
HA titer when measured with chicken cells and
in no change when guinea pig cells were used.
The following results confirm and amplify his
findings, indicating that a stable, DTT-sensitive
substructure is produced by the action of con-
centrated urea on intact virus.
Urea and DTT, both separately and in concert,

were tested for their action on the hemagglutinat-
ing activity of influenza virus. To samples of
strain PR8 virus concentrate were added urea to
a final concentration of 7 M, 0.7 mg/ml of DTT,
and the combination of both reagents. The reac-
tion mixtures were held at 23 C, and at intervals
samples were removed and immediately diluted
1:20 with BS; the HA titers were measured with
both guinea pig and chicken cells (Table 7). Urea
alone effected a gradual decrease in HA titer
when measured with chicken cells. D1T, in
contrast, had no influence at all on the HA titers.
The action of DTT was, however, marked when
used in combination with urea, the HA titers
measured with both kinds of cells falling off very
rapidly.
When graded concentrations of urea, in the

presence of 1 mg/ml of DTT, were tested for
action on viral HA titer, concentrations as low as
5 M were equally effective, but there was no drop
in HA titer on exposure to 3 M urea for 3 hr. DTT
was effective at concentrations as low as 0.01
mg/ml in the presence of 5 M urea.
The question arose as to whether, during the

course of such treatments, changes in the physical
state of the virus particle paralleled the changes
in hemagglutinating properties. Electron micro-
graphs of samples exposed to 8 M urea for 3 min
disclosed that essentially all virus particles were
damaged in this interval. Erosion of the particles

-924 J. VIROL.
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TABLE 7. Chaniges in HA titers ofthe PR8 strain ofinfluentza virus on exposure to 7M Irea
0.7 mg/mli ofDTT, anid the combined reagenits at room temperatuire

HA titer

Time (min) Control Urea DTT Urea-DTT

Chicken Guinea pig Chicken Guinea pig Chicken Guinea pig Chicken Guinea pig

5 27 26 2' 28 28 26 <21 <2'
15 27 26 25 28 27 26 <21 <21
30 27 26 24 28 27 26 <21 <2'
60 27 26 23 27 28 26 <21 <2'
120 27 26 21 27 27 26 <21 <2'

occurred, so that, although grossly damaged
particles appearing like viral ghosts were recog-
nizable, a large amount of fragmented viral
substance was found. Recognizable products,
such as the rosettes of ether-split hemagglutinin,
were not observed. Thus, after such a short
exposure time, essentially complete disruption of
the virus particle was accomplished, although a
high HA titer with guinea pig cells was retained.

Sedimentation profiles of urea-treated virus
confirmed the disruption of virus particles. Virus
was treated with 8 M urea for 5 min, then diluted
fivefold to stop the reaction. The urea-treated
suspension and a control virus suspension were
centrifuged in a sucrose gradient for 30 min at
25,000 rev/min and the fractions were tested for
HA titers. Whereas the HA of intact virus reached
a peak at the bottom of the tube, the HA with
guinea pig cells of the urea-treated virus was
found in high titer in all fractions (Fig. 2). The
results indicate that short exposure of virus to
concentrated urea disrupts the virus particles,
producing smaller, polydisperse hemagglutinating
derivatives.
The sedimentation profiles of the urea-treated

virus were noticeably different when determined
with guinea pig or chicken cells. Not only were
the titers lower when measured with chicken cells,
but the shapes of the curves differed. In the lower
half of the tube, the titers ran parallel, but, in
the upper half, the titers with chicken cells fell off
sharply while the curve obtained with guinea pig
cells was attaining its peak. The results indicate
that the larger, more rapidly sedimenting viral
derivatives were capable of agglutinating both
types of cells, whereas the less rapidly sedimenting
material agglutinated only guinea pig cells. The
dependence of the ratio of HA titers with the
two species of erythrocytes on the size of the viral
products is in accord with the results of a similar
experiment with envelope protein, described in
the first section of the Results.
The data suggest that the urea-split virus

28

26

24 -

<21
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FIG. 2. Rate zonal centrifugation of urea-split

influenza virus in a sucrose gradient at 25,000 rev/mint
for 30 min, fraction I representing the bottom of the
tube. Titers were measured with chicken ((D) and
guinea pig (0) erythrocytes.

product is a stable derivative since prolonged
exposure to concentrated urea did not result in
significant loss of HA titer measured with guinea
pig cells. However, when the urea was removed
by dialysis, subsequent treatment with 1 mg/ml
of DTT or with trypsin in the presence to 0.15 M
NaCl for 30 min led to loss of all measurable
HA. In both of these respects, the urea-split virus
differed from the intact influenza virus particle.

DiscuSSION
The results of the present investigation demon-

strate that quantitative recovery of viral hemag-
glutinins can be attained after extraction of viral
lipid, denaturation of envelope protein, dissocia-
tion into protein subunits, and spontaneous
reassociation to an active macromolecule. Al-
though the envelope protein retains both its
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virus-specific serological and hemagglutinating
activities, differences in the structure of the
isolated protein and the hemagglutinin present
on the vir-us envelope lead to dissimilarities in the
biological and physical properties of the two
forms of hemagglutinin.
The envelope protein preparations represent

the product of the repolymerization of poly-
peptide chains obtained by chemical dissociation
of the denatured viral protein. This protein
derivative is not homogeneous with respect to
size, but rather the degree of polymerization
appears to be indeterminate and a spectrum of
protein molecules of varied dimensions results
(5). Nevertheless, reassociated envelope protein
does represent a particulate form of relatively
low molecular weight viral hemagglutinin.

In contrast, the intact virus is a much larger
structure over the surface of which are dispersed
many sites responsible for hemagglutination. It
is conceivable that these critical sites are localized
on some 2,000 projecting spikes covering the viral
envelope, both on the basis of the spatial avail-
ability of the spikes to the erythrocyte surface
and the demonstration by electron microscopy
that virus specific antibodies attached to the tips
of the spikes (8). The ether-split hemagglutinin
consists of fragments of envelope of variable
sizes, the larger of which, the rosettes, are mor-
phologically similar to the envelope of intact
virus. The properties of the ether-split product
and intact virus evaluated in this study confirm
the similarity.
The first notable difference in the properties

of the various hemagglutinins is disclosed by their
reactions with erythrocytes of various species,
particularly chicken and guinea pig. The thesis
has been proposed by Choppin and Stockenius
(1) that, on continued ether-splitting of influenza
virus leading to the production of smaller parti-
cles, the HA titers obtained with chicken cells
decreased more markedly than those with cells
from some other species. Dorman (3) also showed
that exposure of influenza virus to concentrated
urea resulted in a decrease in HA titer with
chicken cells but not with guinea pig cells. Further
evidence is provided in this study since, not only
does the envelope protein have a much higher
titer with guinea pig cells at 4 C than with chicken
cells at 23 C, but, when envelope protein is frac-
tionated by rate zonal centrifugation, those
fractions containing the less rapidly sedimenting
components were characterized by particularly
high titers with guinea pig cells. A similar rela-
tionship holds on centrifugation of the product
obtained by treatment of intact virus with con-
centrated urea. It can now be concluded on the
basis of results with several distinct types of viral

degradation products that, as the size of the
particle decreases, the titer assayed with chicken
cells falls off. This does not necessarily imply
that inactive or "monovalent" structures are
produced, since the hemagglutinating activity
of the split products can be demonstrated with
other cell systems. In this respect, it should be
noted that the uniform, low molecular weight
4S antigen, produced by extraction of envelope
protein with urea-DTT, neither adsorbed to red
blood cells (6) nor agglutinated chicken, pigeon,
or guinea pig cells at 4 or 23 C (unpublished data).

Studies of the stability of the hemagglutinating
activity of virus and envelope protein under varied
conditions provide further evidence of the differ-
ences in properties of the several forms of hemag-
glutinin. Exposure to elevated temperatures, high
concentrations of urea, sulfhydryl reducing
agents, and trypsin in the presence of high salt
concentrations demonstrated, in all cases, that
the hemagglutinating activity of the envelope
protein was more labile than that of the intact
virus or ether-split hemagglutinin. Increased
sensitivity to such a wide range of experimental
treatments suggests that the reassociated subunits
are more loosely bound to each other than in
the native state on the viral envelope. The most
striking example is the absolute difference in the
sensitivities of protein and intact virus to the
sulfhydryl reducing agent, DTT. Prolonged expo-
sure of virus to this reagent led to no significant
change, whereas inactivation of the envelope
protein hemagglutinin was both rapid and com-
plete. The results indicate that the integrity of the
reassociated protein is dependent on the per-
sistence of disulfide linkages between the sub-
units, whereas, in the case of intact virus, other
linkages are sufficient to stabilize the hemag-
glutinin or promote a configuration protecting
the disulfide bonds.
The properties of the viral derivative obtained

by exposing virus to concentrated urea provide
evidence that distinctly different structural ele-
ments are susceptible to the action of concen-
trated urea and sulfhydryl reducing agents.
Concentrated urea disrupts the virus into small
stable particles which retain their ability to
agglutinate guinea pig cells. Although this hemag-
glutinin resists further degradation by urea, its
activity is completely sensitive to treatment with
DTT. In respect to its sensitivity to DTT and
trypsin in high salt concentrations, the urea-split
virus resembles the envelope protein. However,
resistance to inactivation of its hemagglutinating
activity by further treatment with urea differ-
entiates it from the envelope protein.
The greater stability of the hemagglutinating

activity of intact and ether-split virus as compared

926 J. VIROL.
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to envelope protein suggests a difference in
molecular organization. A parallel is found in the
assembly of the subunits of tobacco mosaic virus
into either a stack-disc or helical structure. A
conceivable mechanism for the stabilization of
the hemagglutinin of intact virus might be found
in the association of the active protein with the
lipids of the virus envelope. The demonstration
that high salt concentrations or low concentra-
tions of divalent ions protect viral hemagglutinin
but not envelope protein from tryptic digestion
suggests that linkages split by trypsin are shielded
in intact virus and exposed in isolated envelope
protein. Stabilization could result from penetra-
tion of lipophilic protein side chains into the
viral lipid micelle, the structure of which is
particularly susceptible to changes in ionic en-
vironment. Such an association would result in
increasing the strength of bonding between sub-
units and possibly in steric protection of labile
-groups. However, any conformational changes
are limited to the extent that neither major
changes in antigenicity nor loss of hemagglutinat-
ing activity result.
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