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UNMARY influenza virus ITemolytic activity \\, as found to be more ITeat-resistant
than Ilcuraminidase activity, ancl to bc neat-in activated similarly to hemaggluti-

nation activity, in sharp contrast to the case witli paramyxoviruscs, where thc he-
in o1ytic activity Is the most heat-labilc, and ITcmagglutination and ITcuraminidase ac-
tivitics are in activated similarly by I\eat. Influenza viruses with heat-mactivated
neuraminidase activity, which still showed hemagglutination and hemolytic activi-
ties, were found to be able to induce cell fusion and envelope fusion. This finding
suggested that the hemolytic and fusion activities are not dependent on neuramini-
dase activity. The ITemolytic activity \\, as largely inhibited by anti-hemagglutinin
serum of the same subtype. The pH range, Iteat stability, and antiserum suscep-
tibility of the hemolytic activity were found to be independent of the cells in which
the virus was grown

INTl{ODUCTION

Various envelope viruses, including paramyxo-
(Hosaka, 1958; Choppin and Coinpans, 1975;
ichid, and H. mm, , 1978), orth, myx. - (Mand"
and Ohnishi, 1980; Huang at a1. , 1981; Lenard
an*I Miller, 1981), t. g"- (Kan*"hats. ^, 1963,
1965; \hananen and 1<amiaincn, 1979,1980),

I 11C, \ fellow (1981) from D, pt. of Mic, obiology,
Faculty of Mcdicinc, Cllulalongkorn University,
Bangl<ok, 'Utailand

2 JICA fell0\\. (1981) fron\ the Central Laboratory
of Ministry of Public Health, Brasil y Pettirossi,
Asuncion, palmguay

and rhabdo- (Ohuchi at a1. , 1981) vi"uses, have
been reported to nave IlGinolytic activity, al-
tliough the optimal pH for the hemolysis varies
depending on the virus. The I\emolyse by
paramyxo- (Howe and At organ, 1969; Apo-
stolov and Aimeida, 1972; Hornma at al. ,
1976; Shimizu at a1. , 1976; Hosaka and Shi-
inizu, 1977; Ishida and Hornma, 1978) and by
toga- (HeIenius at a1. , 1980; White at a1. , 1980;
Vannanen at a1. , 1981 ; Lenard and Miller,
1981) \, iruses are thought to be mediated by
envelope fusion. Recently, inorphological evi-
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dence that influenza virus hemolysis is medi-
ated by envelope fusion was presented (Maeda
at a1. , 1981 ; Yasuda at a1. , 1982). Thus, all
the envelope viruses so far tested were found
to ITave hemolytic activity and to cause
velope fusion in favorable conditions. The
mechanism of viral hemolysis seems to be
mostly common with that involved in envelope
fusion, the step of penetration of virus.

Hemolysis by influenza virus was manifested
with cleavage (HAj + HA2) of the hemagglu-
tinin (HA ) of tissue culture-grown influenza
virus by trypsin treatment, suggesting that the
hemolytic activity was associated with the he-
in agglutinin protein (A, Iaeda at a1. , 1981).

TABLE I.

Huang at a1. (1980a, b) reported that influenza
virosomes fused witl\ cell membranes at neu-

tral pH, and neuraminidase played a role in
the fusion.

we found that when influenza virus neura-

minidase activity was heat-in activated, the vir-
us still retained ITemolytic activity. The pre-
sent report describes the heat stability of in-
Huenza virus hemolytic activity, Its inhibition
by monospecific antisera, and fusion and some
other biological properties of virus with heat-
Inactivated neuraminidase activity. Studies on
the influence of the host cells in which the

virus was grown on the hemolytic activity are
also reported.

en-

11nfiuenza virusesl

A1PR/8134

A1WSN!33

Pii"{$8s used lit the piese"I SIMdj,

Virus

AIFMllj47

A1Ada. hij2j57

Abbrevi-
at10n

A1Aichij2j68

A1Kumamotoj1/76

PR8

\vsN

A1Toky016j73

A1Kum"inotoj22j76

A1Bangkokllj79
AIX-7 (recombinant,
Kilboume at a!., 1968)

BIGifuj2j73

BISingaporej222/79

HA, NA
subtype

EMI

HONl

HONl

Adachi

Egg passage
number

Aichi

Kum 2

HINl

IParamyxovirusesl
Sendai virus, Z strain

Newcastle disease

virus, IVliyadera strain

>100

10 after
CEF" culture

N. 1<."

H2H2

Tokyo

Kum 3

BKK

X-7

H3N2

H2N2

Mumps virus, Urabe
strain

about 20

H3N2

H3N2

H3N2

HDN2

BIG, fu

BISin

it Chicl< embryo fibroblasts
" Not 1<nown

c Amniotic sac

(this laborato, y)

Dr. A. Sugiura (Institute for
Publi. Health, Tokyo)

Dr. \V. Ge"hard (Wistar
Institute, Philadelphia)

Dr. K. Nakamura (formerly
in this Institute)
Dr. K. Nerome

Messrs. T. 1<0ide & F. Sada-

hiro (Kanonji Inst. , RIMD
Foundation)

K. & S

K. & S

Dr. K. Netome

Dr. Sugiura

about 20

32

Donor

sV

NDV

about 10

about 20

15

N. K

52

MV
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about 10

11

> 300

N. K

K. & S

K. & S

30 (As")

(this Icho, at ory)
Dr. T. 1<jinoto (Osaka pre-
rectural Institute of Public

Health, OS"ka)

Dr. 1<. Yamanishi (this
Institute)



\\ere essentialIv consistent winT data on combinationIVIATERIALS AND A, IETHODS

of \. irus jind anti-sera givcn in tlTe Catalog of NIAID
I. FIJI, S (1978-1980)

The \. iruses used atre described in Table I. TITev

3. He'll rig"/, 111'1iotioii (H, ) rillt/ lieningg/ninjatio, I ill-\^cre all gro\\n in titc chorioallantoic cavity of 10-
hi'611^^11 (H/) assayor 11-day-old chicl< embryos at 35 C for 3 days

These assays \\crc done as described by Fatzekasexcept n)urups virus, \\. hicl\ was gro\^n in amniotic
and \\'cbster (1966), but on " microscale. Beforesacs of 8- or 9-day-old chicl< embryos at 34 C for
lite Hl rust, tite sura \\. erc treated \\. itIT trypsin-4 days. HUT\. ested choriottllantoic fluids \\, CTC clan-
KIO, to remove non-specific inhibitors (Dowdleficd by centrifugation tit 2,000 x g for 15 min, jind

the super narunts \\, CTC cuntrifugcd at 40,000 x g for "t ,11. , 1979)

30 itTin. 'I'hc Dellctcd \, irions were suspcndcd in
+. A'ei, , UNiii!in"se (Ara) ruin Ilei, I o111/1/1duse 111hib, !, o11isotonic saline after careful reino\. all of all the super-
(N/) assay11. 'I, ese partially ptirified \. Irions were againnatant

NA activity \\. as menstired by the ritetliod ofclanficd by 10\\, speed centrifugation before use
AminoiT (1961), but on 11nlf tlte scale of itis originalThu \\'SN straiil grown in A, IDCl< cells, \\, hich
inctl, od. Nl titcrs \\. CTe incasurcd by 11\c itTetllod\^uru a gift fronl I\Ir. I-I. Okuno (this Institute), wits
of \\:cbstcr and I'crier:I (1968). The All titcrs ofalso Dr. parcd. '1'1tc \. irus \\."s partially purified by
anti-ncuraminidasc suru airc SITowit in 'Table 3dilfcrcntial cuntrifugation, and tictivatcd by trypsin

(Cltoppin at a1. , 1975)
5. Ile"101ysi's (HL) assay

2. 4111/3er" A srimplc of 25 111 of influenza \. ITtis in isotonic
saline \\, as ITtixed \\. itIT I in I of 296 Ilumai, crytliro-All titc tinti-innuenzii \. irus I{A und NA goat
cytc (0-type) suspension in 0.85% NatCl solutionantiscr, I uscd \VCrc 1< indly supplied front thc Ruse, Itclt
conttiining 1120 M sodium licetatc buffer (pH 5.3)Rcsotirccs Branclt of NIAID (NIH, Bethcsd"). Tite
in thc cold for 15 min, and incubated at 37 C forhemagglutin"tion Initibitioi, (Hl) titers of tllCSc scra
60 min. 'Theit I inI of phosphate butler sanncarc sitown in Tablc 2. The Hl titers in thc table

TABI, u 2. H/ life's of the drillsero to inn4ensu anyus he"logo/un'rim and Ileumntz}lidose drillge"s

Antiserum

anti-HO

(PR8)"

anti-Hl

(FMl)
anti-Hz

(Sing. )
anti-H3

(Aichi)
anti-Nl

(H. q Nl)

anti-N2

(Sing. )

anti-HAIB
(L".)

anti-NAIB
(Lee)

PR8

12800"

1280

160

160

,,!SN

640

X-7

1280

160

<20

<20

Antigen viruses

FM1 1<urn 2

160 80

12800

160

it The parent strain from which the Immunogen was derived

" Solid and broken underlines indicate the hornotypic and heterotvpic inhibitions of HL, respectiveI\.,
with in the same HA subtype, in terms of hemagglutinin

160

160

<20

<20

< 20

80

80

40

<20

<20

80

160

<20

Aichi

40

20

+O

1280

80

<20

80

<20

Tokyo

40

80

40

160

6400

<20

Kuin 2

40

40

160

1280

+O

+O

80

<20

<20

BKK

<20

<20

<20

80

<20

40

20

40

<20

HDSAKA, Y. at al. F1'Iai Itemo/ysi$ alld liana, ,in!,'dase actJbity

20

320

40

<20

<20

<20

40

80

< 20

<20

<20

<20

20

<20
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TABLE 3

Antiserum

N/ tilei. sit of drill'-Nl and anti-A12 seiu to uru jous slim}13 of Innuenstt Inrus

anti-NI" (HeqNl)

anti-N2 (Sing. )

anti-NAIB (Lee)

it See " Materials and Methods "

" Anti-Nl serum had an Nl titer of 300 against hornologous virus (A1NJj8j76, (HONl)) NA activity
(NIAID Catalog, 1978-1980), but Nl titers of 60-70 against other A type influenza viruses, inclusive
of \, iruses of the same NA subtype

PR8

68

< 30

< 30

(PBS) (pH 7.2) \\ as added to stop the reaction, and
the ITemoglobiiT content in tlTe super namnt \\. as de-
termined spectrophotometrically at 540 rim. Per-
centage Itemolysis was calculated on the basis of
total 13, sis of crytlTrocytes witlT 196 Triton X-100
Hemolysis by Darnmyxoviruses \\ as me asurcd simi-
Iarly, except titat PBS (pH 7.2) \\, as used instead of
acetate buffered saline

For determination of the pH range for I, emulysis,
lit^maiT erythroc\, t's \\, CTe suspcnded in saline con-
raining 1120 M acetate buffer of diffcrcnt pH \, alUCS,
allowed to react with \, irus, and measured us de-
scribed above

\vsN

73

<30

< 30

X-7

73

> 200

<30

Antigen \, Iruses

FMl

64

< 30

<30

Kum 2

60

> 200

< 30

6. Hemolysis 111hib, troll (Hl, /) jest

A salnple of 25 111 of influenza \, irus (2500-4000
HA) causing hemolysis giving ai, optical density of
about 1.0 at 540 I'm \\. as mixed \\, itIT equal \, o1umcs
of 2-fold serial dilutions of antiserunt at roont tern-

petature for 30 min, and then I inI of ITUman ery-
Ihrocyte suspension (pH 5.3) \\, as added. Hemolysis
was measured as described ribo\, e. TITe reciprocal
of tlle final dilution causing 50% inhibition of he-
mob, SIS \\, as taken us the I, cmolysis inhibition titers
(HLl)

Aichi

60

46

<30

To1<vo Kum 3

60

< 30

<30

prevented accurate me astirement of the cell ITUmber

8. 11/11/1111, Delectr0, , 1111'CJDscopy

TITe interaction of human erythrocytes and the
\\;SN strain in \vhiclT neLiraminidnsc activity and
Infectivity itad been in activated by Iteating at 55 C
for 30 min wars studied by indirect jinmunoelectron

Under conditions similar to those usedmicroscopy

for cell fusion, the virtis-erythrocyte mixtures \\. erc

jiglttly fixed witlt I inI of 0.25% gluta"aidel}ydc,
and tlTen treated first with anti-PR8 Ilyperimmune
rabbit serum and then with the fcrritin-conjugated
goat IgG fraction against rabbit IgG (Cappel Labl. ,
Pa. ). Then the cells \\, ere fixed, embedded, sec-

tioned, and observed in a Hitachi 110S electroiT
microscope as reported pre\, IOUsly (Yasuda er al. ,
1982)

60

< 30

< 30

BKK

7. Cell/11,101i assay

Chickeit erythrocytes \\, eru used for cell fLision for
convenience in identification of polyl<aryocytcs con-
taining " number of nuclei. A mixture of 50 111 of'
innueiTza virus, PR8 strain (16,000 HAlml) and 100
"I of 296 chicl<ei, erytltrocyte suspcnsion in the same
nTediunT (PI{ 5.3) was incubated at 37 C for' 60 min
T'ITen the mixtures were examined for polykaryo-
cytes under a light microscope. Fusion \\. as deter-
mined only qualitativeIy, because many aggregated
cells \\, ere formed during the incubation, and these

60

< 30

< 30

RESULTS

54

I . Diffei. errtihl if!actiontz'0" of inn"ensa o17"s
he'llo61tic a, ,of Itei, laini'"iduse actibit!A by neat
treat, lient

Figure I shows the time courses of ITeat in-
activation of HA, HL and NA of influenza
virus of several strains. At certain tempera-
tures, (56 C for PR8; 55 C for Adachi and
Tokyo), HA and }IL of the 11THuenza viruses
were preserved but their NA was largely Inac-
tivated by heat-treatment for 30 min. \\;hen
the temperature was raised, HA and HL \\, ere
Inactivated similarly (58 C for PR8 ; 50 C for
FATl) and NA was mactivated inuclT more
rapidly. Similar tendencies \\, ere observed in
all the other influenza viruses tested (\\IsN,

BIKEN JOURNAL \101.25 No. 21982
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.

\
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X-7 : 59c

o

Kum I, 1<urn 2,1<urn 3, BKK, BIGifu, and
BISing. ) except the X-7 recombinant strain
(Kilb. uru, .t a1. , 1968) from tire pyro, ts NWS
(HONl) and R115' (H2N2), in which NA un^
more heat-resistant than HA or HL.

Figure 2 SITows the time courses of Iteat-in-

.

10 20 o30 10

Heating time (min)

FIGURE I. I~lent-Inactivation of In-

fiticnzn virus I\emolytic (0), hemag-
glutination (A), and neural minidnse
(0) acti\'ities. Strain names and in-

activatioi, temperatures are showit on

panels
Partially purified \. irions in isotonic

saline containing 0.1% bovine serum
albumii, were I, eated at rite indicated

temperatures, and nilquots were taken
at the times Indicated for assays

Original I{A titers: PR8, 15,000
HAjml; FA, 11,5,000 HA!in I; Ad"chi,

20,000 I-IAIml; Tokyo, 20,000 HAj
inI; X-7, 5,000 I-IAIml.

\.\.--
20 30

activation of }IA, HL, and NA of tltree viruses
of the paramyxogroup. HL \\, as mactivated
firstly and HA and NA later. \\!hen the tern-
perature \\, as shifted up to above that at \\, hich
HA was preserved, HA and NA \\, ere mac-
tivated almost simultaneouslv (inLimps \, irus,

HOS, \KA, Y. at a1. 17^^'a/ Ile, ,106,311 and lull'owl'111'dase aciJb, 'Iy 33
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MV :49C

\

o

o

5

\
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o

\

.

o

50 C) Similar tendencies were observed in the
heat-in activatioit of Sendai virus (50 C) and
ND\I (53 C). Th. finding that in pyromyx. -
virus HL was heat-Inactivated independently
of HA and NA could be explained by the fact
that HL was associated with fusion protein
but not HN (hemagglutinin and ITeuramini-
dase) protein (Hornma and Ohuchi, 1973 ;
Scheid and Choppin, 1974). The present
finding on the heat inactivation of influenza
virus HL raises the possibility that the HL
activity was not dependent on NA activity

\\Ihen \\;SN or BKl< was neated at 55 C
for 30 min, whiclT resulted in almost complete
inactivation of NA without inactivation of HA
or HL, tl\e infectivities of these strains found
to be mactivated 11y an order of 10~a.

M V : 50 C

.....^~

10

.\
30 o20

Heating time (min)

.

.

10

FIGunr 2. Heat-inacti\, ation of par-

amyxovirus itemolytic (0), itemag-
glutinatioiT (A), and neuraminidase
(0) activities. \Iirus names and In-
activation temperatures are shown in
panels

Original HA titers : Sendai \, Irus
(SV), 16,000 HA!inI; NDV, 16,000
HA!inI; Mump* virus (MV), 10,000
HAjml

20 30

2. Inhtbi/10n of '11/1"e, 12n airws 11L by alit, '-
HH and anti'-NA sei. a

Next we examined the inhibitions of in flu-

enza virus HL by anti-HA or anti-NA goat
Table 4 shows the results. kilost In~sera.

hibition was observed in hornologous combina-
tions of HA subtype between virus and anti-

The most effective inhibitions \\, ere

seen between virus and antiserum directed to

the hornologous hemagglutinin. \\'hen a virus
of the same HA subtype isolated in a different
epidemic was treated witl\ the anti-HA serum,
less inhibition was observed.

Since specific inhibitions of NA activity were
seen only between X-7 or 1<urn 2 and anti-N2
serum among the combinations of viruses and
anti-NA sera used (Table 3), we examined the
HL in these combinations, but found negli-

56 BIKEN JOURNAL \101.25 No. 21982
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TABI, E 4. lithihit, b, I of Inline?12n mr, 'IIS he?J, o4, $1's 61, oni'se, 'a agains/ H0, 1/1, H2, H3, 1141B,
and N/, N2, NIB .' HL/ 12'1e, s"

Virus strain

PR8 (HONl)

WSN (HDNl)

X-7 (HDN2)

FMl (HINl)

Kum 2 (H2N2)

Aichi (H3N2)

Tokyo (H3N2)

Ku, n 3 (H3N2)

BKl< (H3N2)

anti-HD

(PR8)"

68

34

20

o

o

o

o

o

o

anti-Hl

(FMl)

" See " Materials and Methods "

Parenthesis means the parent strain from \\. hich the jinmunogen \\. as derived
" Less than 10

# AISingapo, ellj57 (H2N2), ## A1EqlP"ague11156 (H, P - Nil8j76 (Nl)

"

O'

o

o

>80

o

o

o

o

o

anti-H2 anti-H3 "nti-HAjB anti-Nl anti-N2 "nti-NA!B
(Sing. #) (Aichi) (Lee) (H, , Nl ##) (Sing. #) (Lee)

oo o o

o o o o

o o o o

oo oo

o10o o

ooo o

oo o18

oo o12

o oo o

o

o

o

o

80

o

o

o

o

Antiserum

6

o

o

o

o

o

>80

30

10

o

110
PR8

4

2

un

.

in
>

o

E
co

^

69
6

o

o

.\

Tokyo

BIGif u

4

o

o

.\

2

50

.\,

WS N

60 7.0 50

Reaction pH

o
.

o

6.0

FIGURE 3. Optimal pH ranges for
hemolysis by untreated (0) and Iteat-
.d (0) viruses. PR8, Tokyo, BIGifu,
and \\IsN strains werc ITented at

57 C, 55 C, 60 C and 55 C, respec-
lively, for 30 min. VirLISes witlT tl, e
HA titers described in Fig. I were
used

HOSAKA, Y. at al. Plyo/ he, "o1ysis and wellrn, ,1171idase activity

70
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gible or slight inhibition of HL (Table 4).
Some unknown inhibition of the HL was seen

between some H3 strains (Tokyo and Kum

,,,,,,, ,,*,,,, , @''~'.,,^> ^ @ @

I^";:^ ^, ^,^,,@^,,., ^ ^ @,@ ^ * 00',,
, o, ,;@@ ^> .. tj 6"%; $5^
' ,9^, ,^ I^ ^ @ ^^I:^ , ^) ^
^' ' 0 '^
, ' 06. ', <5" '@ ' "
^a , ''"""' 06^"Q^@ . ^ "^!" ' GS' ' ' """"'"'^> ' "^!
it\ 6 _ @,. A

.

\

3) and anti-recombinant serum (A1EqjPrague
1156(H^q) Hj18176(Nl).

HL of influenza B type strains BIGifu and
BISing was found to be inhibited by all the
antisera tested, and even by normal sera, and
therefore this HL seemed to be largely affected
by some serum proteins.

3. Some propertz'es of ,'"PMe"z@ of?"ses colth
heat-an@cti"@ted neuromim'd@se

I) pH range
The optimal pH ranges for hemolysis by

the native influenza virus strains shown in
Table I were examined. Results showed the

presence of two types of pH range in the
strains ; one was a narrow pH range, where the
hemolysis abruptly decreased at pH 5.5 (for
PR8, FMl, Aichi, Tokyo, Kum 3, and BKK),
and the other a wider range where hemolysis
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FIGURE 4. Cell fusion of chicken erythrocytes with
influenza viruses. A. Control (no virus). B. Cell
fusion with untreated PR8. C. Cell fusion with

heated (57 C for 30 min) PR8. 400

Arrows indicate big polynuclear cells. 50 111 of
PR8 (16,000 HAjmlin isotonic saline) was incubated
with 100 111 of 2% chicken erythrocytes in acetate
buffered saline (pH 5.3) at 37 C for 60 min.
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FIGURE 5. Envelope fusion of heated WSN with
human erythrocytes observed by indirect jinmuno-
electron microscopy.

Mixtures of heated (55 C for 30 min) WSN and
human erythrocytes after incubation at 37 C for 10
min were firstly fixed with 0.2500 glutaraldehyde,
and then reacted with anti-PR8 serum, followed by
treatment with ferntin-conjugated anti-rabbit IgG
goat IgG fraction. Thereafter, the cells were fixed
with Karnovsky's fixative and 2% OS04, and em.
bedded in epoxy resin. Sections were stained with
urunyl acetate and lead citrate and observed

The arrow indicates a fused vinon.
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was seeiT at pH 5.0-5.8 (for \VsN, Adachi,
Kum 2, BIGifu, and BISing. ). Typi. ,I pat-
terns are shown in Fig. 3. The pH ranges of
heated viruses \\, ere almost the same as that of

untreated viruses, as shown in Fig. 3 .
This straii\ difference in the pH range did

not affect the neat stability, or strengtlT of the
HL.

2) Cell fusion and envelope fusion
Figure 4 demonstrates cell fusions by native

and heated (56 C for 30 min) PR8 of chicken
erythrocytes. The ITeated virus Induced as
much cell fusion as the untreated virus.

Figure 5 is ai\ indirect jinmunoelectron ini-
CTograpl\ of thc interaction of heated \\'SN
(55 C for 30 min) and human erythrocytes ob-
served after incubatioit at 37 C for 10 min.

FCrritins, \\, hicl\ indicate the localizatioiT of the
virus antigens, are confined to ai\ oval part of
the erythrocyte membrane, suggesting tlte oc-
currence of envelope fusion.

These findings suggest tliat neither cell fu-
sion nor envelope ftision depended on NA ac-
tlVlty.

DISCUSSION

The present experiments showed that influenza
virus with heat-Inactivated NA activity had
hemolytic activity and was able to induce cell
fusion and envelope ftision. If penetration of
influenza virus is mediated by envelope fusion
at 10\\, pH, this finding is consistent with
earlier reports that influenza virus NA activity
is not involved in the early steps of virus inul-
tiplication (its real role is to prevent \, irus ag-
gregation) (Bucher and Palese, 1975) : anti-NA
antibodies did not affect the infectivity (Iahiel
and 1<11bourne, 1966; Kilbourne at a1. , 1968;
Seto and Rott, 1966 ; webster and Laver,
1967), and influenza viruses witlt ITeat-mac-
tivated NA penetrated into cell (Fazekas de
St. CToth, 1948), interfered with the replica-
ti. n of lire vi"us a^^,.^ and Edney, 1950), and
took part in recombination witlT other strains
(Burnet and Lind, 1954). Now, we propose
that influenza virus NA activity does not have
a role in the step of envelope fusion in more
specific terms, instead of in general terms of
virus penetration.

The present finding that NA activity prob-
ably did ITot navc a role in influenza virus
hemolysis is in contrast to the report by Huang
et a1. (1980a) that ITeuraminidase I\as a positive
role in the fusion of influenza virosomes \\, ith

cell membranes at neutral pH.
The present finding that influenza virus HL

was heat-mactivated in the same way as he-
in agglutination, and that MDCl< cell-grown
\\!SN with possible precursor hemagglutinin
(HAD had negligibl. HL anpp. "t th, hyp, tire-
SIS that the HL activity is associated witl\ the
hemagglutinin protein (A'Iaeda at a1. , 1981).

There are similarities between hemolysis and
fusion of influenza and togaviruses ; I) HL ac-
tivity \\, as associated with the Itemagglutinin
protein (A, Iaeda at a1. , 1981 ; Yamamoto at al. ,
1981), and 2) HL and fusions \\, ere induced at
10\\, pH (I\Taeda and Ohnishi, 1980; Huang
et a1. , 1981; Lenard and NIIller, 1981 ; Kara-
batsos, 1963,1965; \liananen and 1<Mri6inen,
1979,1980; \Inarianen at a1. , 1981; HeIenius

4. newio!yti'c actit!!Iy of Innwe, 12n 21/1/13 gi'Dropi
111 lisswe CM/twi'e

To examine the effect of the host cells in

which influenza virus \\, as grown on the hemo-
Iytic activity, \\, e prepared AJIDCK cell-grown
\\!SN partially purified it, and activated the
virus \\, Ith trypsin.

HL antivity of th. \\, SN strum (10,000 HAl
inI) \\, as found to be manifested best by treat-
merit with a final concentration of 0012y,
trypsin at 37 C for 10 min. This activated
HL \\, as comparecl \\, ith HL of egg-grown
\\'SN \\, it I\ regard to its range, ITeat stability,
and antiserum susceptibility. No significant
difference was found between the two. Thus,
these properties of HL activity of \\;SN seem
to be independent on the IlOSt cells in which
the \, Irus is grown, and to be determined ge-
netically.
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at a1. , 1980; white at a1. , 1980). The togavir-
uses were shown to penetrate into the cyto-
PIasm by envelope fusion of virus to endocy-
to tic vesicular membranes at low pH (HeIenius
at a1. , 1980; I\Tarsh and HeIenius, 1980; White
at a1. , 1980). Therefore, influenza viruses
probably penetrate into the cytoplasm by a
mechanism similar to that of envelope fusion.

The infectivity was mactivated 10~' by heat
treatment that resulted in negligible NA ac-
tivity, but did not affect HA. This type of
heated virus fuse with cell membranes, and
did not affect functional nucleic acids, whiclt

were postulated by the occurrences of inter-
ference and recombination (Isaacs and Edney,
1950; Burnet and Lind, 1954). Therefore, in-
activation of the infectivity might be due to
that of some other factors than viral RNA,
such as transcriptase complex.

It is uncertain whether the inhibition of HL

by anti-HA sera was primarily due to Hl
antibodies, or to HLl antibodies, which were
assumed to be evoked independently of Hl
antibody, besides Hl antibodies. Recently,
Kimura at a1. (1981) reported separation of Hl
antibodies with low HLl and low neutraliza-

tion capacities from HLl antibodies with ITigh
neutralization but low Hl capacities from
among monoclonal antibodies directed to Japa-
nese encephalitis virus. However, at present
no such information is available on anti-in flu-

enza virus monoclonal antibodies.
NAs of influenza virus of the same NA sub-

type were frequently serologically different
from eac}T other (Shortridge at a1. , 1979 ; Chati-
yanonda at a1. , 1981). In the present Nl test
(T, b1,3), anti-N2 (Sing. ) inhibitsd th. NA of
only two of the 6 N2 strains tested. The
slight inhibition of NA of Kum 2 by anti-N2
serum might be due to a steric effect of the Nl
antibodies. Since the anti-Nl serum used was

an anti-recombinant one, and it contained
anti-HA' as well as anti-Nl antibodies, it
might cause unexpected and complex reactions
inhibiting HL of some H3N2 strains.

we think that influenza viruses witl\ heat-

mactivated NA have some advantages for use
in studies on envelope fusion or the behavior
of fused virus antigens, because it can be
studied under the circumstance free from the

effects by NA activity.

REFERENCES

Aminoff, D. 1961. Methods for the quantitative
estimation of N-acetyl-neuraminic acid and their
application to hydrolysates of sialomucoids. Bio-
chem. I. 81 : 384-392

Apostolov, 1<., A1meida, I. D. 1972. Interaction
of Sendai virus (HVj) with ITUman erythrocytes:
a in DTPhological study of ITemolysis and cell fu-

I. Gen. Vir01. 15 : 227-234.SIOn.

Bucher, D. , Palese, P. 1975. TITe biologically tic-
tivc proteins of influenza virus : Neuraminidase
p. 83-123. I, I Kilbourne, E. D. led. l The in-
Huenzn viruses and influenza. Academic Press,

New York, San Francisco, London.
Burnet, F. M. , Lind, P. E. 1954. The activation

ACKN0\\7LEDGMENTS

We wish to thank Dr. A. Sugiura, Dr. \\I. Gethard,
Dr. K. NakamLira, IVlessrs. T. Koide, & F. Sadahiro,
Dr. T. 1<jinoto, and Dr. 1<. Yamanishi listed in
Table I, for supplying virus strains, and also the
Researcl\ Resources Branch, NIAID (Bethesda,
USA) for supplying antisera.

The study was supported by grant 56010049
(1980,1981) from the Ajinistry of Education, Sci-
ence, and Culture of Japan.

60 BIKEN JOURNAL V01.25 No. 21982

of heat in acti\, ated influenza \, irus by recoinbina-
AUSt. I. Exp. Biol. Med. S"i. 32: 133-143.

Chatiyanonda, 1<., 1< upradinunt, S. , Sangkawibhn,
N. Nerome, 1<., Nakayama, M. , Oya, A. 1981.
Isolation and serological characterization of innu-
enza A \. irus from a pig in Thailand. JPn. I
Med. Sci. Biol. 34: 175-178

Choppin, P. \\;., Coinpans, R. W. 1975. Repro-
duction of primmyxoviruscs. p. 95-178. 111 Frnen-
kel-Conrat, I-I. , \\!agrier, R. R. led. l Coinprehen-
SIve Virology, v01.5. Plenum Press, New \'orl<

Choppin, P. \V. , Lnzarowitz, S. G. , Goldberg, A. R
1975. Studies o1T proteolytic clea\, age and glyco-
sylation of tlte haemagglutiiintion of influenza A

tion



and B vi, uses. p. 105-119. In Mahy, B. \\'. I. ,
Barry, R. D. led. l Negati\. e Strand Viruses, vol. I
Academic Press, London, New York, San Fran-
cisco

Do\\. die, A. \\,. 1<endal, A. P. , Noble, G. R. 1979
influenzai \. iruses. p. 585-609. 111 Lennette, E. D. ,
Scltmidt, N. I. led. l Diagnostic ProCCdures for
Viral, Rickettsial and Cltlam!, dial Infections. 5tlt
ed. APHS, \\'ashington D. C

Fazekas de St. CToth, S. 1948. Viropexis, tl\c
mecltanism of influenza virus infection. Nature

162 : 294-295

Fazekas de St. Cmtl\, S. , \\rebster, R. G. 1966
Disquistions on original antigenic sin. I. E\. I-
dence in man. I. Exp. Med. 124: 331-345

HeICnius, A. , Marsh, M. , \\'hite, I. 1980. The
cntr\ of \. Iruscs Into animal cells. Trends BIO-

cliem. Sci. S : 104-106.

Hornmn, M. , 01tuchi, A{. 1973. Trypsin action
on the grownt of Sendai \, Irus in tissue culture
cells. 111. Structural differences of Sendai \, IT-

uses growl, in eggs and tissue culture cells. I
Vir01.12: 1457-1465

Hornma, M. , Shimizu, 1<., Shimizu, Y. 1<., ISIlida,
N. 1976. On the study of Sendai virus itemo-

lacking in he-Iysis. I. Coinplcte Sendai
in o1ytic activity. \Iirology 71 : 41'17

Hosak", Y. 1958. On tite ITcinolytic activity of
HVj. I. An 11nnlysis of the itemolytic reaction
Biken's I. I : 70-89

Hosaka, Y. , Shimizu, 1<. 1977. Cell fusion by
Sendai \. irus. p. 129-155. 171 Poste, G. , Nicolson,
G. L. led. l Virus Infection and the Cell Surface.
ElsevierjNortlt-Holland Biomed. Press, Amster-
dam, Ne\\, York, Oxford

Howc, C. , Morgan, C. 1969. Interaction between
Sendai \, irus and It urnan erythrocytes. I. Virol
3 : 70-81

Huang. R. T. C. , Rott, R. , \Vnhn, K. , 1<1enl<, H. -D. ,
Kohamn, T. 1980a. The function of tlTc ncur-
aminidase in membrane fusion induced by myxo-

Virology 107: 313-319

Htiang, R. T. C. , \\laitn, K. , Klenk. H. -D. , Rott, R
1980b. Fusion between cell membrane and lipo-
somes containing tlic glycoproteins of influenza

Virology 104: 294-302virus

Huang, R. T. C. , Rott, R. , 1<1enk, H. -D. 1981. In-
Huenza \, iruscs cause ITemolvsis and fusion of cells.

Vir010^, 110: 243-247
Issacs, A. , Edney, A4. 1950. Interference between

Inactive and active Influenza \, ITUscs in the clticl<

embryo. 11. The site of interference. AUStral.
I. Exp. Biol. Med. Sci. 28 : 231-238

Ishida, N. Hornma, M. 1978. Sendai \. Irus

Adv. \7irus Res. 23 : 349-383

Inhiel, R. I. , Kilhourne, E. D. 1966. Reduction
in piaque size and reduction in pinquc number as
differing indices of influenza \. irus-antibody re-

I. Bacteri01.92: 1521-1534actions

Karabatsos, N. 1963. Helitolytic properties of
easterit and \\. estern encephalitis \iruses. I. jin-
inun01.91 : 76-82

Karabatsos, N. 1965. Further studies on the
hemolytic properties of arboviruses. Proc. SOC
Exp. Biol. A{ed. 118: 461,165

Kilbourne, E. D. , La\. er, E. G. , Schulman, I. L. ,
\\'ebster, R. G. 1968. Antiviral acti\ity of anti-
serum specific for allT iitfiuenza \. irus ITeurnmini-
dase. I. Vir01.2 : 281-288

Kimura, S. , Takeg"inI, T. , Yasui, 1<. 1981. A10no-
clonal antibodies against Japanese ei. cephnlitis
virLis. 11. Relationsltip between HAl and neti-
trailzing antibodies. Abstracts of 2911t Ann
Congr. Jap. Virologist, Tokyo. Abst. No. 1022
[in Japanese]

Lenard, I. , Miller, D. 1<. 1981. pH-Dependent
hemolysis by influenza, Semliki Forest, and Sen-
dai \. irus. \Iirology 110: 479482

I\Iaeda, 'r. , 011nishi, S. 1980. Activation of In-
Huenz:I \, irus by atcidic ritedia caused hemolysis
and fusion. I?EBS Letters 122: 283-287

A, Taeda, T. , 1<nwasaki, 1<., 0hnishi, S. 1981. In-
ternction of Influenza \, Irus itemagglutinin \\, ith
target membrane lipids is a key step in \. irus-
induced itemolysis and Iusioit at pH 5.2. Proc
Natl. Acrid. Sci. USA 78: 4133-4-137.

A, Inrsh, M. , HeICnius, A. 1980. Adopti\, e endo-
cytosis of Semiiki Forest virus. I. NIOl. Biol
142 : 439-454

NIAID. 1978-1980. Catalog of Rusearclt Rea-
gents. 111 Cunning ham, S led. l Research Resources
Branch, MIAID, NTH Bethesda, Maryland

Ohuchi, Al. , Allannen, 1<., IVlifune, 1<. 1981. Pene-
tration by Titnbdovirus: Hemolysis and cell fu-
sion by VsV. Abstracts of 29tlt Ann. Congr
I"p. \Iirologists, Tokyo. Abst. No. 1066 tIn
Japanesel

Scheid, A. , Choppin, P. \\,. 1974. Identification
of itiological acti\, Ities of parnmyxo\, irus glycopro-

Activation of cell fusion, Itemolysis and
infecti\, ity by proteolytic cleavage of an inactive
precursor protCiit of Sendai \. irus. \'ITology 57:

virus

viruses

HOSAKA, Y. at al. F1','"/ liemo/J, 51'3 and lienr"millidase acti", Iy

reins

61



475,190.

Seto, I. T. , Rott, R. 1966. Functional significance
of sialidase during influenza virus multiplication.
Virology 30: 731-737.

Shimizu, Y. K. , Shimizu, K. , Ishida, N. , Hornma,
A, I. 1976. On the study of Sendai \, irus itemo-
Iysis. 11. MDrpltological study of envelope fusion
and hemolysis. Virology 71 : 48-60

Shortridge, K. F. , Cherry, A. , Kendal, A. P. 1979
Further studies of the ofantigenic properties

H3N2 strains of influenza A isolated from swine

in SDUtlt east Asia. I. Gen. Vir01.44: 251-254

Vitantinen, P. , 1<ntiridinen, L. 1979. Haemolysis
by two alphaviruses: Semiiki Forest and Sindbis

I. Gen. Vi, o1.43 : 593-601.\, irus

V;inittinen, P. , Kannainen, L. 1980. Fusion and

haemolysis of erytl. rocytes caused by tl, ree togn-
Semiiki Forest, Sindvis and Rubellaviruses

I. Gen. Vir01.46 : 467,175

Vitan;inen, P. , Gahmberg, C. G. , 1<ntiri, inen, L
1981. Fusion of SEmliki Forest \, irus \\, ith red

cell membranes. \71rology 110: 366-374.
webster, R. G. , Laver, \V. G. 1967. Preparatioi\

and properties of antibody directed specifically
against the ncuraminidase of Influenza \, Irus. I.
Immun01.99 : 49-55

webster, R. G. , Penera, H. G. 1968. A common

surface aiTtigen in influenza \, iruses of ITUman and
aviait sources. I. Gen. \;ir01.3 : 201-208

white, I. , 1<nrtenbect, I. , HeIenius, A. 1980. Fu-
SIon of Semliki Forest \. irus \\. itIT the plasma mein-
brane can be induced by 10\\. pH. I. Cell Biol
87 : 264-272

Yamamoto, K. , Suzuki, K. , Simizu, B. 1981
Hemolytic activity of the envelope glycoproteins
of \\, estern equine encephalitis \, irus in reconstitu-
tion experiments. Virology 109 : 452-454

Ynsuda, Y. , HDsaka, Y. , Ful<ai, 1<. 1982. Fusion
betwecit influenza \, ITLis en\, elopes and ITUmnn
erytltrocytes at low pH observed by jinmunoelec-
troi\ microscopy. A{ICrobiol. Tmmun01.26: No.

7, In press

62 BIKEN JOURNAL \101. 25 No. 2 1982




