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BIKE:\' JouR\AL 6,253,270 (1964)

Purification and Some Antigenic Properties of Measles
Virus Hemagglutinin*

TATsuo KITAWAKi, SHUIi FUNAHASHi

Delayime, 11 of rim/rigJ. and Pre"gilli, e r\{editi'"e,
Tile Refenr, A 111,111"Ie for Jul', robial Di'J, "$2J,

OJ"k" L'in', erJ, '0', 0Jak"

KUMAO TOYosniMA

'17/1, Litborti!o0^. Ofnkft F1!b/it He'll/I INJ!11/11, . Or"An
(Rcrei"ed 10r I'Mbtic"!!'on, DECe"!bel 16, 1963)

Various putincaiion proCCduics, suclT as ammonium suilb. IC prccipitaiion, cliffct'cniial centiir -
gallon, DEAE cell\110sc column chi umaiography anti sucrosc dcnsity gradicnI cuntrirti ajion, \ . ,
applied in the PIirificaiion o1 incuslcs \, irus hcmagglutinin. By combinaiion or Ihesc \'anous 1111fica-
lion procedures, a highly I, urined me aslcs \ irus itemagglutinin PIcpai'allon was obtainctl

Tllc purified liemagglutinin 51towccl an Iigcnicity 101' 11cmaggluiiiiaiion inhibiiin and re I 'a-
1121ng antibodics. TITis 511ggcsis that the I, rotcin coal orvirtis par!IClcs. split off b, cthcr-Lwee 80
treatment, may Ila\. c aitiigcniciiy bulll 10r itemaggluiiiiatioil inhibiting anti neutralizing aiTiibodics

AND

In the previous study, it was onsetved that neutralizing (NT) and coinlement
fixing (CF) antibodies as \\, GII as Itemagglutination inhibitinu' (Hl) antibody \\, ere
formed in guinea 1.1gs Inoculated witlT ether-Iweeil 80 disrupted measles virus,
which showed a single hemagglutinin (HAnin) peak in sucrose density gradient
(pesudo-equilibi'Ium) and in CSCl densit\, oradient equililirium centrifuoation
(Funahashi and Kitawaki, 1963). About the same time, Waterson 81 d!. (1963),
also reported that the injection of an ether-tweeiT treated preparation of measles
virus stimulated the productioiT of NT, Hl and CF antil)odies in the rabbit. On
the other hand, a close relationship netwcen NT ancl Hl antibod , titers was
observed IJy several \\, orkers (Black and Rosen, 1962; Cutchins, 1962; Kunita at
a/., 1963). It is Interestintr to study the relation netween Hl and NT antiuen of
measles virus using purified HAnin.

However, the purity of the HAnin preparation used in the revious stud ,
(Funahashi and Kitawaki, 1963) seemed to be irisumcient for studies on the relation

SUNl:\. IARY

INTRODUCTION

* This \\. ork was supporicd in pari by a Scicniific Rcscarclt Grant from the \, Iinistr\, orEd t'
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between the two antigenicities. It was thought that a combination of various
purification procedures might he useful for. further purification of measles virus
HAnin.

Highly purified, crystalline preparations of plant viruses have I>een obtained
IJy precipitation with ammonium sulfate, since Stanley (1935), first succeeded in

However, thisthe purification and crystallization of to IJacco mosaic \, Irus.
precipitation technique has been little used in the purification of animal viruses,
except in the purification of the poliovirus (Brown and KOImer, I 937 ; Clark at a!.,
1941; Heri arte and Francis, 1943).

Recently, ion-exchanger cellulose, such as DEAE or ECTEOLA ITave IJecome
excellent tools for. virus purification, since the first successful application of these
ion-exchangers, in the purification of several animal virLises Iiy Hoyer at 171. (1958)

This report describes studies on purification methods and the antigenicity of
purified measles virus ITAnin. For the purification of measles \, irus HAnin, the
precipitation method \\. ith ammonium sulfate and cellulose colunTn chromatography
applied in combination with other procedures described previously.

KITA\\!AKl, FUNAHASHI AND TOYOSHIMA

The Toyoshima strain or measles \, itLis (Toyoslljina at a!.. 1959), which was adapted 10 KB cells
was used. The \, irus \\, as growlt in monolayer cultures in I-I ROLix bottles. The tiic an co s
were collected after complete cytopathic effect ITacl clevelopcd and storecl at -20 C

F1, "J

2. 71,311e '11/1"re

KB cells were cultivatecl in ritediunt \vhiclT consisted of 0.5 per cent Iactoalbumin hydrolysaie,
0.1 per ceni yeast extract. antibiotics and Hanks solution (YLH), supplemented \\. ith 15 pel cent or
3 per ceitt bo\, ine serLim for growth or maintenace. respccti\. ely

3. 111,1110d$/o1' I"Filmtio" of ", ea$!eJ ,illi$ H, in in

a) Prefipi!ajio" tuffh amino"inni filly"Ie
The measles virus was precipitated by addition or an appropriate \. o1ume o15aturaied ammonium

sun^Ie (pH 7.2) to give 111e required saturation at room temperature (about 26'C). Ier a\v spee
centrifugation, the supernatanis were mixcd with furiltcr salLirated aminoitium sui ale an treatc
as previously. The precipitates Iron\ eaclt step were dissolvccl in 114 \. o1umc of the original solution
of 1115 xi phD, phate buff""ed saline (PBS)

by 77e"!meni runh file/fomJ, ci'"
The virus material was mixed willT 1110 \, alumc or 15 per cent streptomycin sulfaie "!., Ietii"

Titen lite mixitireconal concentration 1.5 per cent) ant1 11, cubatecl at ronin temperattire for 30 milt
was clarified by 10\\, speed centrifugation

c) DjJere"lidl tenl, 'Juguli'o11
Crude or partially purinecl measles \. Irtis preparaiions werc ceittrifuged at , g or IOUr

in a Spinc0 11.0dcl L ultraccntrirugc \\, jilt a type 30 roter. TITC I, cllets were resuspcn"let in I xi
PBS, allo\\. ccl to SIancl overniglit at 4'C and Ihci, clarinetl by 10\\. SPCecl centrifugation.

d) E!her and truee, I 80 lyealin, "I
NICaslcs \. irus prepai'ations wereinixcclwilll 1110 \'o1ume, 1120 nTgjmli\\ecn 80. .\net severa

mintiics, ait equal volume or ether \\as added alitl the litixtures \\erc shakcn in an ice at or

A, TATERIALS AND XiETHODS



ntiii

phase
c\ Dl:.-IE fell"!0", to!",, 111 ,/1,011i"!ogrn/illi
.\nion-excltaiioe DE, \E cellulose \\. as sie\'cd. the 100 to 200 n\esl, bcing uscd as adsorbcni. Thc

DE, \E c, 11ulnsc \\as cquilibratcc1 \\111t 0.02 v pitosphatc buffci (PR) pH 7.2 after \\. ashing witl, I \
\aO H allcl I \ HCl. Columns ( 1.4 x 15 cm or 2.0 x 20 cm) were loadccl \\jilt \. irus ntatcrials \\IlIClt
natlpic\jously been dialyscclagainst 0.02 v pH (pH 7.2) antl cluicc! in step\\ise or gradicitt elution
\\'jilt \'ai'vi:tg conccniratioi, CISodium chloride in 0.02 v PI3. In SICpwisc elutioii. 50 10 70 inI\. o1umes
orsorliuiiT chloride o10.1.0.15.0.2 ant10.5 xi\VCIc addc(lanei \\. ashiitgInc column willT 0.02 xi pH
,\ 1111car gramciii \\ as 11rorlucecl by using I\v, I idcniical flasks ntountcd at the same IC\ cl and connect-

Titc HD\\. late was 10-20 in11hour FDiccl b} Iubing so as 10 n, aintain 11ydrosiaiic cquilibrium
The cmucnt \\a; coliccieclin 5IT, I or 10 111Imathciiicluiioii alld 30-+0in11hour tm step\\ise cluiion

rraciions. ,\11 cxpctimcnis werc cal'Tiecl oui an 5-10'C. T'11c \aCl concci, 11'alloi, \\as delcrmin-
ccl by A1nlii's ritetltorl

f ) .SIIt, o1e ,/err, 141' gr",/1,111 tenl, 'mrg"!1071
35.30.DC1tsii\. natlicni* \\. ci'c set Lip in I x 3 incll I, usICroid tubcs by laycring 3.5 inI or 40,

25.20.15 anti 10 per cent (\\'I\v) sucrosc goluiioiis in clisiillcd \Talci. *\1'1cr standing the ILLbcs at
4'0 Ibr sc\ cial I'Durs. 10 allow Ihc 101'malloii o1' a colliiiiuoLis graclicnt, 3.0 in I or Ihc partially purl ,c
H, \1,111 n, atciial \\as laycicc1 o11 Ihc 101, or eaclT dcnsity gradicitt allcl the IulJcs \\. crc centrifugec\ in a
Spinco litodcl I, ultraceiiiri111gc LISing the S\\' 21.5 at 17,500 rpit, 101 I 1,011r. r\lier centrilugaiioii.
Ih" Itthes \\'cr" cullcc1 11Tio Tour 11'aclions froiTt 11, c lop \151ng a BCCkmaii itIbc allccr

g) Conferinnli, ,I of 11,111e, / 111"lei I"/
'Tilt pLiriliecl samples were 10rcc dialyzct!in visking 111bcs against Scphatlcx at + C 10 cultccniratc

litciii

FURIFIC. -\TIO\ .\\I) .-\\'LICE\IC PROPERTIES OF \IE. -\SI, ES Hr\\I\

.-\tiei 11N SPCctl cell 11 irugaii, ,11. 111c incuslc* \'I'lls H, \11/11 \\'as I CCD\'CTCc1 11 onI 111c at!ueou\

5. Hewn""!!!Jinnii, 11 (H. -I) all, / newi"Kg!!Jim"!1011 inhibi!10n (H1) I, *11

H. -\ anti Hl tests \Tcl'c carticrl oLit using gi'ecii litonkcv Iecll, lootl cells. as previously ticscribet
(Funahaslii anti Kita\\ aki. 1963)

6. 111, flirt!I' 1111'"!1011

'Litraiioii \\an cart. iccl out ill 1<13 cull Iuhc culttiics ant1 o1, sei. VCCI 10r 2 \VCcks bcrorc Ihc final
ICa<ling

7. Corn/reinen! It"!1011 ifJi,

1,101) IT, rihocl ICcliiiiqucs \\'as usctl. as Dr. \'IDLisl\. ticsci'Ibct! (Kuiiiia at n! . 1963)
8. ,\ elflra!!.:align letl

\cuITalizing antil. rid\ \\'as tiliaiccl as lire\'IOUsly ticscribccl (Funahaslii anti 1<11a\\. aki. 1963 )

9. Tr, "IN!,"I of, tm

Scra \VCI. c iitacLi\atccl at 56'C Tm 30 n, in. Ibr CF anti \T lusts. For Ihc Hl t'si. sera \\. CTC
11 calccl \\jin kaolin anti cviinmolgus rcd bluntl cclls as prc\IDLisly tlcscrilied (KLiiiiia, ! n!.. 1963)

255

10. I'm!ei, , aJ. tm'

Protein \\'as assayctl I, yl. owl'y's meIhocl alld Dpiical dellsiiics (OD) \\, CTC ITteasuied willl a \, o1c-
man Junior Sp*CLI'uphotomcicr at 660 nili uslitg 0.02 u PR as 111c blank. The specific acti\, 11y \\as
"xpressecl in H. \ 1/11/15 pel ing protein

11. ,\ lit!ti't at if/ aJ$"I'

Tile \. irus Inaterials \\'erc mixcd \\'ith an equal \. o1umc or coltl I \ PUTclTliiric acid (PC. \I in ait
ice balll and allei' centrifugation. lite precipitatcs were \\, ached I\\. ice \\. 111t cold 0.5 x PC. \. The, t
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the precipitates were resuspended in 114 of the original \, o1ume or 0.5 N PCA and heated at 70'0 for
20 min. and the OD at 260 inn was determined

RESULTS

I. Piec!Anali'o11 of tried$1er I, till$ will! amnioni!!?11 r"!Idle

Crude measles virus material, clarified I)y joy. speed centrifuoation, was
fraction ated by stepwise sedimentation with ammonium sulfate. A saturated
solution of ammonium sulfate (pH 7) was added drop I)y drop to the startinrr
mater 12.1 to give a 20 per cent saturated solution, and theri centrifuged at low speed.
The precipitate was I'esuspended in 11'4- of tlie original volume of 1115 M PBS (20
per cent As fraction) and the super natant \\, as mixed with flirther amilToriiunT
sulfate solution to g!ve a 25 per cent saturated solution. B\, repeating this PI. 0-
CGdiire. various fractions I, recipitating at I, etweeiT 20 and 60 pel. cent saturation
\\, ere obtained. The IJiolouical activities of the measles \, irtis in these fractions are

shown in Fig. I.
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Fig. I Precipitation of Measles Virus with Ammonium Sulfate

Most of the I)iological activities \\, ere precipitated in the 35 per cent As
fraction, that Is, the recovery rates of Infectivity, HAnin, and CF antigen in this
fraction, wei. e 41 per cent, 50 per cent and 62 IJer cent, respectively. In other
fractions, the recoveries of I{AntiL and other acti\, illes were \, e^, low. So, the

30

11
I\
I I
I I

o<
L.
a.

20

II

^, I
,. I

^I
I I

10

,.
,.

^~.^

\-.- ~.~

<*

^



FURIFIC. -\TIO:\; ,\\D ,\\'LICE\IC PROPERTIES OF \IEr\SLES HAXI\ 257

35 per cent As fraction \\. as einjilovcd foi. further purllication. Foi this Iiur >OSe,
tlle 35 I)er cent As fraction was obtained, after tl\e 30 per cent As fraction had
been eliminated. Table I shows the reco\, er\, rates of I{An in and infectivity in
\, arious experiments. Ajiout 50-80 per cent of the HAnin and 50-74- per cent of
the infectivit\, were reco\, ered in the 35 I>er cent As fraction. The specific activity
of HAnin showed a 2-6 fold increase in this fraction. lit tlte 30 I)er cent fraction,
about the same infective titer \\, as recovered as in the 35 per cent fraction in two
experiments, \\. hi!e HAnin recovery \\. as less than 27 per cent in the 30 per cent
I^action.

Table I. Precipitation of Measles Virus by Ammonium Sulfate

Experimental

No

Concentration of saturated ammonium sulfate (7)

2

3

4

5

Recovery rate of hemagglutinin(%) Recovery rate of infectivity (%)

not testednt

* per cent of saturated ammonium sulfate in virus material
** Recovery rates are expressed in per cent

2. Tien!in, "/ Jailh $11'410i?{1,111

The crude measles virus material or the material purified and concentrated
with ammonium sulfate was mixed \\, ith 1110 volume of a 15 lier cent solution of
streptomycin sulfate (the I>H of \vhicl\ \\, as adjusted to 7.2). The mixtuie was
incubated at room temperaturc for 30 min. After 10\\, speed centrifuoation, the
pellets were resuspended in the original volume of 1115 M PBS. Although treat-
merit of measles virus \\, ith streptomycin did not sinoificantly affect Ihc HA titers,
50 per cent of the CF antigen \\, as sedimented by this treatment. The supernatants
and resuspended pellets were treated \\, ith PCA for determination of their nucleic
acid contents. About 30 per cent of the nucleic acid was precipitated I)y treat-
merit witlt streptomycin. (Tanle 2).

3. Frac/iona/ion by DEIIE '81/1, lore column chi Dina/o01 nibhy

a) ,\'o11 81har-!toeeii lied/ed male, 'in/ (acliue male?'ial)
The active material (total protein: 25.3 intr) which had I)Genj>artially purified

and concentrated \\, itIT ammonium sulfate fractionat ion, was dialyzed aryainst 0.02
M PB and applied to the DEAE colunln (1.4 x 15 cm). By step\\, ise \\, ith sodiunt
chloride of different molarities I'llff'ered to pH 7.2, the measles HAnin \\, as Gluted
in the 0.15 M and 0.2 M fi. actions. The infectivit\, \\, as also eluted in the same two

30%*

IO**

9

17

27

0.5

35%

80

73

67

53

50

40%

10

18

17

20

53

30%

47.2

35%

49.6

47.2

nt

49.6

nt

748.9

40%

60

07

5.0
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Table 2.

Crude virus material

Before treatment

Super natant of SM treated
mate rial

Precipitate of SM treated
material

KITA\\!AKl, FUNAHASHI AND TOYOSHIMA

Effect of Streptomycin Treatment of Measles Virus

Sample

Material partially purified by
ammonium sulfate

Before treatment

Super natant of SM treated
material

Precipitate of SM treated
material

HA titer

128

OD: Optical density at 260 in/J, HA titer: Units per 0.4 in I,
CF titer: Units per 0.1 inI. SM: Streptomycin sulfate

fractions and in the 0.5 M fraction. The OD at 660 in/4 was determined by Lowry's
method. The protein, which seemed to be of cellular components was mainly
eluted in 0.02 M PB and in the 0.1 M fraction. The protein content at higher NaCl

128

CF tite" I

<4

2

256

OD

<1

256

0275

4

0199

O. C?M re
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concentrations \\, as verv 10\-\, and the specific activity of the 1st and 2nd peaks showed
increases of about 6 and 13 fold, respectively. The total recover , of }IAnin in the
two peaks \\, as about 73 per cent.

by E/he I and iruee, I 80 lied/ed maleiittl
The 35 per cent As ITactioiT precipitated willt ammonium sulfate \\, as treated

with ether and Iween 80, dialyzed a, 'ainst 0.02 M PB \\, as applied to the DEAE
column under. tlte same conditions as alJove. Step\\, ise eiution resulted in two
peaks as in the case of active material, but the 1st peak \\, as eluted in the 0.1 M
fraction and the 2nd peak in the 0.15 M fraction. By ,'radient elution, as shown in
Fig. 3, the Ineasles HAnin lie. 'an to be eluted at about O. I M NaCl concentration,
forming a shaip Initial peak \\, ith a tail. It seemed that cellular proteiit \\, as mainlv
Gluted by, \\, ashing with 0.02 M PB. The recovery rate of measles HAnin \\, as about
32 per cent and the specific activit\, of HAnin sho\\'ed a 2.4 fold increase in this
experiment. Infectivit\, in this case was completel\, lost I)y ethei. and twcen 80
treatment.

FURIFICr\TIO\ .\\D A\TICE\IC PROPERTIES OF XIEASLES HANl\
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To obtain a more ITighly purified sample of measles HAnin, various punfica-
tion procedures were combined. Table 3 shows one combination of purification
procedures used. The crude virus material \\, as first precipitated \\, ith ammonium
sulfate. After removal of the precipitate of the 30 pa. cent As fraction, the 35
per cent As fraction \\, as obtained. After 10\\, speed centrifutration, the precipitate
of the 35 per cent As fraction was resuspended in 114 of the original volume of
1115 M PBS. This fraction was treated with streptomycin sulfate (final concentra-
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Table 3. Purification of Measles Virus Hemagglutinin by the
Combination of Various Pu rification Procedu res

Clarified crude measles virus material

KITA\\, AKl, FUNAHASHl ,\ND TOYOSHl:\{A

centrifuged at 1465 g for 20 min.

I add saturated solution of (NH4)zS04
, to make 307' saturated solution

PPt su pernatant

add saturated solution of (NH4)?So4

to in al<e 35% saturated solution

centrifuged at 1465 g for 20 min

PPt

resuspend in 114 volume of 1115 M PBS
add 1110 volume of 15% streptomycin

stand for 30 min. at room temperature

centrifuge at 1465 g for 20 min.

PPt su pernatant

ultracentrifuge in Spinco model L

type 30 rotor at 36,000 g for I hour

PPt

resup. rid in 1110 col. me of 1115 M PBS
sonicate at 10 1<ilo-cycle for 8 min
and treat with ether and tween 80

centrifuge at 1465 g for 20 min

aqueous phase

dialyse against 0.02 M PB

Chromatograph on DEAE column

pool the fractions showing high HA titer
concentrate by forced dialysis with Sephadex

S ucrose density gradient centrifugation

(centrifuge in SW 21.5 rotor at 17,500 rpm
for I hour) fraction ate and concentrate

Pu rifled measles virus hemagglutinin

su pernatant

tion 1.5 per cent) at room temperature for 30 min, and then centrifuged at 2,000
rpm for 20 min. to remove nucleoprotein. The super natan. t was centrifuged at
18,000 rpm for I hour in a Spinco model L ultracentrifuge using type 30 rotor.
The pellets were resuspended in 1110 volume of 0.02 M PB and placed at 4'C
overnight. The sample partially IJurified and concentrated by centrifugation was

and then shaken with ether and tween 80 insonicated at 10 kilo-cycle for. 8 min
an ice bath. After 10\\, speed centrifugation, the aqueous IJhase was obtained.
Forty in I of ether-tween 80 treated sample (total protein 122 ing) \\. as loaded onto a

su pernatant
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DEAE column (2.0 x20 ,in) and ,luted by an N^Cl g"adjent in 0.02 M PB. Fro. -
tions of 10 inI \\, ere collected. The elution pattern of HAnin is shown in Flu. +.
The 1st I>eak of protein, which seeined to be of cellular origin, \\, as completely
separated from the HAnin peak and the 2nd peak of protein was eluted a little
later than tlLe HAniii peak. F1. actions 18, 19, 20 and 21, which showed hiuh
specific activity were collected and concentrated I)y forced dial\ sis aryainst
Sephadex.
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Fig. 4 Gradient Elution of Ether-Tween 80 disrupted Measles Virus Hemagglutinin
Purified by a Combination of Various Procedures

Three inI of the concentrated sample was layered on the top of a sucrose density
gradient (10-40 per cent, \\, I\v) and centrifuged in a S\V 21.5 rotor at 17,500 rpm
for. 60 min. After centrifuuation, the tubes were separated into four fractions.

Table 4. Fraction at ion of Purified Hemagglutinin by
Sucrose G radient Centrifugation

3

2
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The HA titer of eaclT fraction is shown in Tanle 4. Fractions I and 2 \\, ere pooled
and concentrated I>y forced dialysis against Sephadex.

The 1,1010gical activities, specific HAnin activity (HAujmg. protein) and
recovery rate at each step in this purification procedure are shown In Table 5.
Infectivity, \\, as completely lost after ether-tween treatment and CF antigen could
not be detected in the HAnin fraction after DEAE column chromatography. The
increase of specific activity \-\, as about 2 fold after precipitation with ammonium
sulfate, about 14 fold after ultracentrifugation, about 74 fold after ether-tween
treatment, about 180 fold after chromatography and about 300 fold after sucrose
density gradient centrifugation. In this case, the HA titer increased 2 fold on
sonication and a further 2 fold on ether-tween treatment. So, the false Increase

of specific activity of HAnin was also included. The recovery of HAnin was about
32 per cent after ultracentrifugation, 129 (63) per cent after ether-t\\, een 80 treat-
merit, 21 (11) per cent after chromatography and 15 (7.5) per cent after sucrose
density gradient centrifugation. The figures in parentheses represent the true
recovery rates corrected by considering the false increase of activity.

Table 5. The Biological Activities, Specific Activity and Recovery
Rate at Each Step in the Purification of Measles Virus
Hemagglutinin

Crude virus material

(Starting material)

Su pe rnatant of streptomycin
treated material

Precipitate of uItra-centrifuged
material

After sonication

After ether. tween 80

treatment

Pooled fractions of DEAE

coluin n ch romatography

Combination of fractions I &

2 after sucrose density gradient

centrifugation

Sample ' *^:, I -^:- I".,, I, "-"^^"
96

128

8

1280

2560

The figures in parentheses represent the true recovery rate corrected by considering
the false incresse of activity
HA titer: Units per 0.4 in I, CF titer: Units per 0.1 in I
TC050 are expressed as the reciprocal of logjo per 0.1 inI

6.5

8

HA per
ing pro-

32

32

5.5

3.51

5120

Recovery
Rate

(%)

6.5

6.3

2.12

1280

68.5

16

I ,,,, I ''

3.25

3.56

<1

150

985

1235

3.06

0256

5000

32

12300

127(63)

0125 20230

21(11)

15(7)
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<3

5. The antigenic lid/me of Ihe pruned H/mill.

a) Jinmu, lied!10!! of guinea pigr 2011h ac/i"e '17/1J malei'i"/r and IIJi'tried medr/ar aji'"r
Hrlni, I

The following four samples were prepared for. immunization of guinea igs :
crude virus material (active), centrifugalIy concentrated active material, centTi-
fugally concentrated ether-tween 80 treated material and measles HAnin purified
by DEAE column chromatography. The last sample \\, as prepared I)y fraction a-
tion of the centrifugalIy concentrated and ether-t\\, eelL disrupted measles virus on
a DEAE cellulose column.

Guinea pigs were inoculated intracutaneously with these preparations three
times at weekly interval. The animals were I>led one week after the last injection.
As shown in Table 6, the Hl and NT antibody responses in the .'uinea Igs inoculat-
ed with these four antigens were nearly parallel. CF and NT ratios were lower in
guinea pigs jinmunized \\, ith the partially purified HAnin than in other animals.
CF antibodies were also detected with host cell antigen which \\, as disrupted b ,
sonication. By absorption witlT this host cell antigen, CF antibody titers \\, ere
reduced marked Iy.

b) Jinmu"i<ajion of gt, men figr coilh men$18J H/Inill cohich reinJ Aloft!y pm yied by a
combinatio?! of aariowJ PMi'inc"lion procedm'er

Highly purified measles HAnin obtained I)y a combination of various purl-
fication procedures, was diluted serialIy four fold from 1024 to 4 HAulO. + inI.
One in I of each dilution was inoculated intracutaneously into five guinea pigs.
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Table 6.

KITAWAKl, FUNAHASHI AND TOYOSHIMA

Antibody Responses of Guinea Pi^s Inoculated with Partially
Purified Measles Virus Hemagglutinin, Ether-Tween 80 Treated
Virus Material and Active Virus Material.

Sample

Partially purified
measles virus

hemagglutinin

(Fraction ated
with DEAE column)

Guinea

pig No

A-I

2

3

4

5

6

7

8

9

Centrifugal Iy con-
centrated ether. tween

80 treated material

G. M.

Hl

G. M

Antibody titers*

9

9

10

10

10

10

9

7

9

9.2

NT

Crude active material

8.7

80

9.7

105

9.7

9.0

7.5

5.5

6.3

8.3

P re-ab-

sorption

B-I

CF

Centrifugal Iy con-
centrated active material

6

2

5

<2

4

4

<2

<2

<2

2.3

G. M

Post-ab-

sorption

2

G. M. : Geometric Mean

* Antibody t'ters are expressed as the rec'procal of log2

Some guinea pigs died by accident. After 4 weeks, the an inlals \\, ere IJled. As
controls, guinea pigs were inoculated with centrifugalIy concentrated, active \, irus
material containing the same HA units as the purified HAnin. The Hl and NT
antibody titers were nearly parallel in each animal and weie not coirelation. with
purity of the antigens or the antigen doses inoculated. However the I\T antibody
titers were higher than the Hl antibody titers, because the challenge virus used for
the neutralization test was as lower a concentration as 30 TC05010. I in I. (Table
7 & 8)

A nearly linear dose response was obtained with the purified HAnin when
the antibody titers were expressed as geometric means, \\, hile tailing of the dose

C-I

2

4

9

4

<2

4

<2

<2

<2

<2

<2

<2

0.9

6

7.5

G. M

8.0

10

10

10

9

9.8

D-I

2

4.7

6.4

5

8.5

8.5

10.5

7.5

8.8

10

11

11

10.7

5

5

3

i I
5

6

9.8

I I

I 1.3

107

2

2.5

2

6

5

<2

3.3

: I
7

6.3

4

3

5

4
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Table 7. Antibody Responses of Guinea Pigs Inoculated with
Highly Purified Measles Virus Hemagglutinin

Antigen I
dose *

1024 * *

G uinea

pig No

256

2

3

4

2

3

2

2

3

4

5

Hl

5

6

5

6

64

G. M

Antibody titers***

16

4

<3

6

5.5

NT

<3

<3

7

7.2

5.7

5.5

5.6

<3

4

3.3

* Each guinea pig was inoculate with one in I of antigen
* * HA units per 0.4 in I

* * * Antibody titers are expressed as the reciprocal of log2
G. M: Geometric mean

G. M

265

<3

^ 5

I ^,

4.2

4.4

54

2 <3

2.3

6.0

CF

<2

<2

<2

<2

:^

response curve was observed with active material. NO CF antibody response could
bc observed against the purified HAnin sample in any case.

DISCUSSION

<05

<0.5

2.3

1.2

6.5

<0.5

5.7

<05

2.2

4.6

Recently, the purification of measles virus 11as I)een descrilied by several
authors (Schluederberg, 1962; Norrby, 1963; Waterson 81 a1. , 1963; Funahashi
and Kita\\, aki, 1963) using a sucrose density gradient or CSCl density equilibrium
centrifugation methods. In this study, attempts were made to purify measles
HAnin further and to investigate the anigenicity of the measles HAnin.

The measles virus could I, e precipitated and partially purified by ammonium
sulfate with good recovery. That is, b\. addition of saturated ammonium sulfate
solution to the crude measles virus material to give a 35 per cent saturated solution,

<2

<2

<2

3.0

o
<0.5

, <0.5

<2

<2

<2

<2

<2

<2

<2

<2

<2

<2

2.7

o



266 KITA\\IAKI FUNAHASHI AND TOYOSHIMA

Centrifugal Iy Concentrated, Active Measles Virus

Antigen
dose*

1024**

G uinea

pig No

2

2

3

2

3

4

5

2

3

2

3

256

64

Hl

10

7

G. M

6

7

7

Antibody titers***

16

8.5

5

6

7

7

<3

NT

4

6.7

10

7.7

* Each guinea pig was incculated with one in I of antigen

*** Antibody titers are expressed as the reciprocal of logz
G. M: Geometric Mean

<3.5

8.7

9.5

G. M

6

6

4

50

8.9

CF

7

I 4

7.5

8.2

8.2

8.2

<0.5

5

5

5

6.0

5.3

nt

7

7

3

3

<2

3

<2

3

2

12

<2

<2

<2

8.5

8.0

5.4

6.8

7.2

5.6

5.0

6.4

6

>

o

.

4

HI ANTIBOD

NT ANTIBODY

7.3

O ?

Z
<

o

24,810

10G. ANTIGEN TITER

Fig. 6 Dose Response of Highly Purified Measles Virus Hemagglutinin
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50 to 80 per cent of HAnin and 50 to 70 per cent of infectivit \\, ere recovered.
The specific activity of HAnin in this 11. action increased 2 to 6 fold. Thus, some of
the non-viral protein could I)e removed by this procedure. Althouth considerable
infectivity, was recovered in the 30 per cent As fraction, this in a , be due to the
aggregation of virus, or precipitation with other precipitable protein or infectivit
in^, I>e precipitated I, est in this fraction. In any case, reci it at ion with ~ -
monium sulfate is one of the most useful procedures for concentration and .'f '
tion of measles virus.

Nojima (1963) applied streptomycin treatment in the purification of Ja anese
encephalitis virus to precipitate the nucleoprotein. In the urilication of I
virus, treatment of the virus material witlT streptomycin sulfate had littl fT t
the HA titer, but 50 per cent of the CF antiuen \\, as reci it ated d 30
the nucleic acid was found in the pellets of sireptom cm treated mat .' I. I h'
experiment, it was found that the nucleoprotein (probabl , mostI of c U I ' '
and partly of viral origin) could be partially eliminated by this procedure.

By DEAE column chromato. 're. phy of the measles virus in t .' I, h' h
been purified and concentrated I^, ammonium sulfate reci it t' . d'fT
centrifugation, measles HAnin. \\, as recovered at a rate of 20 to 80
stepwise and on gradient elution. On stepwise Glution, the IJoth t' d h '-
tween 80 treated HAnin formed two peaks in the eluate. I tl ,
ed material, the HAnin was eluted \\, ith a 10\\, er molarit , of N Cl h
material. However, the molarity of NaClwhich elutes HAnin f. DEA ,
seems to depencl Lipon other factors, such as the conditions of Ih I
two peaks of HAnin seen on stepwise elution may IJe artl , d e t th h a ,
of the HAnin Ginall and lang, HAnin, N. rrby, 1962) I, ut in or, "obabl ' h.
dissociation constant of \, Irus and adsorbent which was To rt' I
centralion of the cations in the salt solution (Taniguchi, 1962). On the other hand,
infectivity did not form a sharp peak, but appeared in the HAnin k ,' h ' -
ing In higher NaCl concentrations. On stepwise elution of t' .' '-
vity was also eluted in the 0.5 M NaCl fraction, in which HA '
detected. Since ether-tween 80 disrupted HAnin was a t to b I d
NaCl concentration than active material, the peak of HA ' h ,
M fractions of active material may consist of smaller, non-infe t' HA '
and Intact virus particles. The infective virus in the 0.5 M N Cl f.
to be Irisument in amount to show HA activity. TITus, inf I' '
pietely separated from HAnin. CF antleren was eluted in th HA '
experiments but in very low titers (an out 2 units) and could not I d
cases. This may be due to the low titer of CF antioe d .'
the dilution effect of column chromatography.

By a combination of various purification roced r , th ,
sulfate precipitation, streptomycin treatment, DEAE col h .
and sucrose density gradient centrifuaation, hidhl , r'11 d I

267
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obtained. The specific activity of this sample was 300 fold higher than that of the
starting material. In this experiment, however, the HA titer increased 2 fo y
both sonication of the preparation and by ether-tween 80 treamtent. The increase
caused by sonication may be due to the dispersion of aggregated measles virus an
partly to the splitting of virus partiales. The increase of HA titer I>y ether-tween
treatment is mainly due to the splitting of virus particles into sina Ier partic es.
So, the specific activity and recovery rates shown in the results represent a a se in-

Water. ,, n (1963) and Fun^hachi and Kiinw^ki (1963) rep, "red that sth*,.-
t\\, Gen 80 treated in aesles virus produced Hl, NT and CF antibodies in rabbits and
in guinea pigs. In this experiment, guinea pigs showed Hl an I anti Jo y
responses after inoculation with partially purified measles HAnin as well as a ter
inoculation with active materials. The HT and NT antibody responses were nearly
parallel in all cases. Because the challenge virus used for the NT test \\, as o as
low a concentration as 30 TCDsoj'0.1 inI, the NT antibody titers were higher than
the Hl antibody titers. A one log increase in challenge virus resulted in a two o
decrease in the serum NT titer (unpublished data). Correcting titers by this, the
NT antilJody titers were nearly the same level as the Hl antibody titers.

Contrary to the previous report, CF antibody did not appear in guinea pigs
inoculated with highly purified HAnin, whilc high levels of NT and Hl antibodies
were observed in these animals. After inoculation of crude or partially purified
materials, hidh levels of CF antibody were detected. This antibody, howevei, a so
reacted \\, ith normal host cell component, when the cell antigens were prepare a tel.
complete disruption of cells I)y sonication, and this antibody decreased I)y a )sorp-
tion with highly concentrated cell antigens. This suggests that co u ar protein
contaminating the HAnin samples plays an important role in the pro uction o
CF antil)ody in experimental animals. This CF antibody, detected only when
higly disrupted cell antigens were employed for the test, and this 1ST uptjon was
caused IJy measles virus infection or sonic oscillation, I>ut not I)y mere'freezing an
thawin. ' of intact host cells.

Schafer (1957) and Day. ripo"t at "I. , (1960) ruggerred that th* HAnin of fowl
plague virus and influenza isolated I)y ether. treatment might be as effective as t e
corresponding virus for stimulating Hl antibody formation. Measles HAnin also
showed nearly the same serological liehaviou^ as intact partic us wit regar o

The HA titer of measles virus obtained fromHl and NT antibody production.
infected FL cells did not increase b\, ether-tween 80 treatment, but its antigenicity
in the production of Hl and NT antibody is coinparable to that obtaine Tom
infected KB cells (unpublished data). This, and the presence of an HAless mutant
of this virus (Waterson, 1963) suggest that the coat I, rotein of virus is split off I)\,
ether-tween 80 treatment and the sununits sho\\, the antigenicity for pro ucing I
antil, ody and nTay also contain a determinant site for. HA activity in t Te casc o
small HAnin. Thus, NT antibody may act as Hl antibody by combining wit

crease.
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the coat protein which also includes HA activity. On the other hand, the NT
antibody, level was higher than the Hl antibody in the early convalescent eriod
and vice versa or was at the same level a few years after natural infection and
vaccination (Black and Rosen, 1962; Kunita 81 a!., 1963). This reverse of the
NTjHl ratio of the antibody titer suggests that both NT and Hl specific antibodies
may exist In measles convalescent sera. The hidh Hl activity in the serum in the
early convalescent stage may depend on Hl specific antibody and this antibody may
have little or no neutralizing capacity. These problems should be investigated
further.
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